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PREFACE 



^ This volume provides a course of elementary physics and 
chemistry suitable for pupils in secondary schools who are pre- 
paring for public examinations of Junior School standard. The 
subjects included are treated, it is believed, with sufficient 
fulness to enable the young student to understand their true 
significance. 

Attention is invited to the prominence given to experi- 
mental work throughout the book. The experiments are not 
only numerous, but can all be performed with very simple ap- 
paratus ; in fact, the volume is intended to be as much a 
laboratory manual covering the rudiments of physics and 
chemistry as a class text-book. The plan adopted is to give 
instructions for experiments illustrating a given principle, and 
then to deal, in the descriptive text which follows the experi- 
mental work, with the general facts bearing upon it. A little 
repetition is thus unavoidable ; but every teacher knows this is 
a merit rather than a defect in a book designed for beginners. 

There is little scope for originality in a book of this kind, and 
the only claim in this direction which the authors wish to be 
considered is the plan of construction already described. In 
some of the chemistry chapters free use has been made of 
" Elementary General Science " (Macmillan), and the authors 
desire to express their thanks to Mr. L. M. Jones, B.Sc, one 
of the writers of that book, for permission to do this. 

R. A. G. 
A. T. S. 
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CHAPTER I 

FORMS OF MATTER 

What is meant by ** Matter."— Our earliest knowledge 
of the world teaches us that on every side we have what we 
familiarly speak of as things of all kinds. We become aware of 
the existence of these things in different ways. Some we feel, 
some we smell, some we see, some we taste, while others again 
make their existence known to us by the sounds we hear. On a 
windy day at the sea- side, standing on the beach, we feel the 
ground under our feet ; we smell, it may be, the tar on a neigh- 
bouring boat or the seaweed on the shingle ; we see a distant 
ship at sea cr the clouds hurrying across the sky ; we taste the 
salt in the air ; and we hear the never-ceasing roar of the waves 
as they break at our feet. All these things, about which we get 
to know by our senses, are called material things ; they are 
forms of matter. We must think of matter, then, as meaning 
all things which exist in or out of our world, which 
we can become aware of by the help of our senses. 

The Senses.— The five ways of gaining information about 
matter, viz., seeing, feeling, hearing, smelling, and tasting, 
are sometimes called the gateways of knowledge. All 
facts of science are learnt by the help of the senses. It 
cannot be learned too soon that there is no difference between 
ordinary knowledge and science. To study science successfully 
one or more of the five senses are employed accurately, which is 
possible only after they have been carefully trained. Anything 
learnt by using the senses properly, without mistakes, is a fact 

!B X. Sc— I. y 
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of science. Or, as Huxley once said, " Science is organised 
common sense." 

Different kinds of Matter.— Of course the number of 
different kinds of things is innumerable, but yet they can all be 
arranged in three classes, according to certain of the properties 
they possess, and which we shall immediately have to study. 
The classes are : — 

(i) Solid things or solids ; 

(2) Liquid things or liquids ; 

(3) Gaseous things or gases. 

Sometimes the last two are made into one class and called 
fluids. 

Characters of Solids. 





EXPERIMENTAL WORK. 

I. The Shape of a Solid does not Alter of Itself. — Examine a variety of 
solid things. Notice they are of different shapes and that the shapes and 

volumes do not alter. 

A solid offers resistance to 
force tending to change its 
form or bulk in any way. 
The property in virtue of 
which a body requires force, 
to change its bulk or shape is 
called elasticity. 

The following experiments 
show that elasticity may be 
called into play in solids by 
forces tending to stretch, 
bend, or twist them. 

2. Elasticity produced by 
Pulling. — Clamp one end of 
a piece of thin india-rubber 
cord, about ten inches long, 
in a retort stand, or suspend 
it in any other convenient 
way. Clamp a wire or a 
strip of wood about the same 
length with it, so that the 
lower end is a little above 
the lower end of the cord. 
Tie a loop of strong thread 
to the bottom of the cord, 
Push a pin through the cord 





Fig. I.— Elasticity produced by a pulling force, 
and hang from it a light tray (Fig. i). 



so that it is level with the bottom of the wire or wood. 
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Place a weight in the tray and measure the elongation produced by 
it, that is, measure the distance between the pin and the bottom of the 
wire or wood. Place another weight in the tray, and again notice the 
extension produced. In the same way find the extension produced 
by other loads. Then remove the load and notice that the india- 
rubl^er does not exactly return to its original length. Repeat the 
experiment, using a spiral spring instead of an india-rubber cord. In 
this case, the spring will return to its original length after being 
stretched. 

3. Elasticity produced by Bending. — Procure, a flexible wooden lath, 
and fix it horizontally by clamping one end of it firmly. To the other 




Fig. 2.— Measurement of the Bending of a Lath, or of Elasticity of Flexure. 

end attach a pin by means of a little wax. Place a rule vertically near 

the pin, as in Fig. 2. A weight should then be hung from the free 

end of the lath, and the amount 

of bending observed. Keeping 

the same weight, clamp the lath 

so that only half the previous 

length can be bent, and again 

notice the amount of bending. 

Try also with other lengths. 

4. Elasticity produced by 
Twisting. — Suspend a wire with 
a weight at its lower end, and 
under it a circle divided into 
degrees in a manner similar to 
that shown in Fig. 3. Notice 
the position at which the weight 
comes to rest ; then twist the 
weight through a certain angle, 
and let it go. The weight un- 
twists back to the starting point "^ - 
and beyond it, and then spins in Fio. 3.— Elasticity of Torsion. 

B 2 
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4 EXPERIMENTAL SCIENCE chap. 

the way it was twisted, and goes on oscillating in this manner until it 
comes to rest. Observe how long the weight takes to make ten or 
fifteen complete spins. Repeat the observation with wires of different 
length and diameter, and made of different metals. The time of an 
oscillation depends upon the tendency to untwist, so that the experiment 
shows that this depends, among other things, upon the length, diameter, 
and nature of a wire. 

Among the other properties which distinguish solids, Tenacity^ 
Ductility^ and Hardness may be mentioned. What is meant by each 
of these terms is made clear by the following simple experiments : — 

5. Tenacity, — Suspend a balance-pan from the lower end of a thin 
copper wire attached to a beam. Add weights to the pan until the wire 
breaks. The force required to break the wire depends upon its tenacity, 
and is measured by the joint weight of the balance-pan and the weights 
in it. Repeat the experiment with wires of the same diameter but 
made of different material. 

6. Ductility. — Procure a draw-plate. File one end of a piece of 
copper wire, which is larger than a given hole in the plate, so that you 
can just push the end through the hole you have chosen. Hold the 
protruding end by square-nosed pliers and convince yourself that by 
pulling you can draw the wire through the plate. Owing to its ductility 
the wire is permanently thinner than before. 

7. Hardness. — Make a small collection of available solids; e.g.^ flint, 
glass, steel knife, copper (penny), lead, chalk, and wax. 

Select one of the things, and notice that it will scratch some sub- 
stances but not others, lest the things which the knife will scratch or 
cut and the things it will not cut. Test in the same way the things the 
finger-nail will scratch and those it will not scratch. 

Arrange the substances in pairs as below, so that one is scratched by 
the other. In this way a continuous table in which the substances are 
arranged according to their hardness can be drawn up thus : — . 

Flint scratches glass. 
Glass ,, iron. 



Iron ,, copper. 



Copper scratches lead. 

Lead ,, chalk. 

Chalk ,, wax. 



Solids. — Most of the things you see around you have a cer- 
tain size and shape of their own. The table in front of you and 
the desk you sit on have the same shape now as when they were 
first brought into the school, if no one has done anything to 
them. In the same way, a stone, a brick, a piece of india-rubber, 
or a tumbler keep their own shape unless some one bieaks them. 
Things of this kind, which have a size and shape of their own, 
and remain of the same size and shape so long as they are not 
interfered with, are called solids. Some solids are harder than 
others, and some can have their shape altered more easily than 
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others. But none of them change by themselves. You know 
this very well in your own mind, though you may not have 
thought much about it. If you place a tumbler upon a table, 
and leave it for a while, you expect to find it there when you 
come back, and not changed into a bottle, because you know 
the shapes of solids do not alter unless some one alters them. 

Using more precise language, it may be stated that a solid 
body does not readily alter its size or shape. It will 
keep its own volume and the same form imless sub- 
jected to a considerable force. Another way of expressing 
the chief facts contained in this definition is to say that solids 
possess rigidity. Hard solids are more rigid than soft ones. 
Liquids, on the other hand, possess no rigidity, but the opposite 
property of flowing or fluidity. Liquid particles slide over one 
another so easily that the surface of a liquid at rest is always 
horizontal. Fine sand may be made to flow, but the particles, 
however, do not move freely over one another, so the surface 
is left uneven, which fact provides us with a clear means of 
distinguishing between a sohd and a liquid. 

Distinctive Characters of Solids. — Different solids 
possess certain qualities, characters, or properties in varying 
degrees. Among the chief properties which distinguish solids 
from other forms of matter. Rigidity, Tenacity, Ductility . 
and Hardness may be mentioned. The careful study of these 
and other properties belongs to the science called Physics ; in 
an introduction to the study of science the simplest explanation 
of each of the terms will suffice. 

Elasticity is the tendency of matter to go' back to its original 
form or volume after being forced out of it. The capacity of a 
body to resist change of form or distortion is called rigidity. 
Elasticity can be called into play in soHds, liquids, and gases 
by pressure ; but only solids offer resistance to pulling, bending 
and twisting. A solid will only resume its original size when 
the force causing distortion is removed, provided that the force 
does not exceed a certain amount. If the force be greater 
than this particular value, or if it exceeds the limit of elasticity^ 
as it is called, the solid will not return to the initial size ; it will 
either break or undergo a permanent change of shape. 

Tenacity is measured by ascertaining what weight is necessary 
to break solids when in the form of wires. The force required 
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6 EXPERIMENTAL SCIENCE chap. 

to tear asunder the particles of a body varies with different 
materials, in other words, some substances are more tenacious 
than others. It is found that a wire twice as thick as another 
will be juist twice as tena<:ious. Evidently, then, if we wish to 
compare the tenacity of two wires of different materials, it will 
make the experiment much simpler if wires of the same cross 
section are selected. Cast steel is the most tenacious of all 
metals, being about fwice as much so as copper and forty times 
as tenacious as lefad. But the tenacity of steel itself is exceeded 
by that of urispun silk^ while single ifibres of cotton can support 
millions of times their own weight without breaking. 

Du€tiHty-i^^^ property by virtue of which solids can be made 
into ii/iVA^. '^'il^^tile material is thus one which can be drawn 
out. 'The)Ghaftge of form in this case is produced by puHing. 
Malleeidilii)iit'^iikTm\2oc prop&iy to ductility, but the change of 
form is'brou^ht^iabout by the application of pressure; gold, 
copper^ and lead, for instance, can be beaten out into thin plates, 
and are therefore malleable substaiices. Lead is an example of 
a malleable material which is not ductile— it can be beaten out 
but cannot be drawn into wires. 

Platinum is the most ductile and gold the most malleable, 
metal known. Platinum' has been drawn out into wire so fine 
• that a mile of it weighs only one and a quarter grains. Gold 
has been beaten into plates so thin that it would require three 
hundred thousand of them placed one above the other to make 
a layer an inch thick. 

Hardness is the property by virtue of which solids offer resist- 
ance to being scratched or worn by others. This is a property 
of great importance in the study of minerals, as it often affords a 
ready means of distinguishing them. The method of measuring 
hardness consists in selecting a series of solids, each one of the 
series being harder than the one above it, and softer than the one 
below it. At one end of the series, therefore, the hardest solid 
known is placed ; at the other end, the softest which we may wish 
to measure. 

Characters of Liquids. 

EXPERIMENTAL WORK. 
8. Liquids tdke the Shape of the Containing Vessel. — Show by pouring 
the same amount of water or other liquid into different vessels that the 
shape of the water depends upon the shape of the vessel. 
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9. Flow of Liquids, — Procure specimens of treacle and pitch. Soften 
the latter. Compare the consistency of the treacle and the softened 
pitch with that of water, and note the gradua,! increase in the viscosity 
of the liquids. 



Fig. 4. — The shape of the liquid in these vessels is different, but the 
amount of liquid is the same, and the surface is horizontal in each. 



10. The Surface of Liquids at Rest is Horizontal — Into a shallow 

glass vessel pour enough mercury to cover the bottom. Altach a ball of 

lead to the end of a fine string, and so construct 2i plumb-line. Hang 

it over the surface of the mercury, and notice that the line and its 

reflection are in one and the same line. 

If this we 3 not the case, that is, if the 

image slanted away from the plumb-line 

itself, we should know the surface of the 

liquid was not horizontal. 



I 





Morlxontal 



Fig. 5- — A perpiendicular line, Fig. 6. — Liquids find their own level when they 
and the horizontal surface are free to flow, 

of a liquid. 

II. Liquids in Communication find their own Level. — Connect the 
neck of a large funnel and the end of a glass tube (a burette or pipette) 
by means of a piece of india-rubber tubing. Or, connect a narrow tube 
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with the top of a glass table filter, the carbon of which has been 
taken out, as in Fig. 6. Pour water into the larger vessel and 
observe the level of the liquid in the narrow tube. Vary the height of 
the narrow tube, and notice that the level of the water in the large 
vessel and tube remains the same. 

12. Liquids com mtmicate Pressure equally in all Directions, — Make 
a hole in an india-rubber ball. Fill the ball with water by holding it 
under water and squeezing the air out. Prick a number of small holes 




Fig. 7. — Liquids transmit pressure equally in all directions. 

in the ball by means of a long pin. Place a finger over the large hole 
and squeeze the ball ; the water will spurt out of each hole straight 
from the centre of the ball, thus showing that the pressure has been 
transmitted in all directions (Fig. 7). 

13. Liquids can be Separated into Drops. — {a) Sprinkle some powdered 
resin on a board and then a little water. Notice the water collects in 
drops; the smaller they are, the more nearly spherical they are. Observe 
the same thing with mercury on a sheet of paper. 

{b) Mix methylated spirit and water until a few drops of oil just float 
when the mixture is quite cool. Pour fresh oil, by means of a pipette, 
into the middle of the mixture. Notice spherical globes of oil can thus, 
be formed. 

(^) Observe that drops once formed can be made to run together again 
by coming in contact. 

The formation of drops is due to the cohesion of the liquid. 

14. The nature of cohesion is seen from the following easy experiment, — 
Carefully clean and polish two pieces of plate glass, and then place 

one on the other. The two surfaces will be found to cohere^ and con- 
siderable force will be required to separate them. Compare with the 
adhesion of a postage stamp to a letter. 

Liquids. — If you put a stone into a tea-cup, then into a 
tumbler, and then into a basin, you know that the size and shape 
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of the stone remain the same in all the vessels. This is also 
true of any solid. But if a certain amount of water, say a wine- 
glassful, is taken and poured into a tumbler, you know that the 
water will not keep the same shape that it had at first. The 
water could be poured successively into vessels of different sizes 
and shapes, and finally into the wine-glass again ; but though 
the shape would keep on altering^ being in every case the shape 
of the containing vessel, the size would remain unaltered. 
Things which behave in this way are called liquids. You can 
think of many liquids in use day by day. For instance, vinegar, 
oil, milk, beer, and lemonade are all liquids. 

These facts can be expressed in the form of a definition, thus, 
—A liquid at rest takes the shape of the lowest 
part of the vessel containing it, and has a horizontal 
surface ; but the conditions remaining the same, 
it keeps its own size or volume, however much its 
shape may vary. When it is not held by the sides of a vessel 
it at once flows. This is the commonest everyday experience. 
You cannot get a pint of milk into a glass of half a pint capacity. 
It does not matter what the shape of the bottle or jug maybe — 
providing it holds a pint, as we say, or provided its capacity is 
a pint, the quantity of milk taken to exactly fill it is always the 
same. If you turn the jug upside down, the milk all runs away 
because there is no part of the vessel to prevent it {rom flowing. 

The Flow of Liquids.— The power of flowing is not perfect 
in liquids. The small particles making up the liquid always 
stick to one another a little, and when any part of a mass of 
liquid moves, it always attempts to drag thp neighbouring 
particle, which is at rest, with it. We can sum this up by saying 
that liquids would flow perfectly if they possessed no viscosity. 
Those liquids which have little viscosity, or, what is the same 
thing, are very mobile liquids, are instanced by alcohol and 
water ; while treacle and tar have little mobility^ but are very 
viscous. Evidently, then, there is a gradation in those forms of 
matter which have as yet come before our notice. At one end 
we have very mobile liquids, which as the viscosity increases flow 
less and less easily, until at last there is no power of flowing at 
all, and wc have the solid form of matter. 

Liquids find their Level. — If several vessels of the most 
varied shapes (Fig. 8) are in communication with one another, and 
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Fig. 8. — Vessels of various shapes in communica- 
tion. Water standing at same level in all. 



water be poured into any one of them, we shall find that as soon 

as the water has come 
to rest it will stand at 
the same level in all 
the tubes, however dif- 
ferent the form of the 
vessels may be. It is 
this property of liquids 
which is utilised in the 
construction of the 
water-level. Its con- 
struction and use will 
be easily understood by 
a glance at Fig. 9. 
Liqiiids oommu- 
nioate Pressure equally in all Directions.— If we use 
a device after the pattern of the illustration Fig. 10, and fill it with 
water, when the piston 
worWng in the cylinder 
is pushed down the jets 
spurt out equally in all 
directions from the 
holes in the globe, thus 
showing that the pres- 
sure is communicated 
equally in all directions. 
Liquids can be 
Separated into Drops which will run together again. 
— Liquids are able to, form drops because of 
a propertv, known as cohesion^ which they 
possess. The larger the drop which can be 
formed the greater is the cohesion between 
the particles of the liquid. 

Cohesion is the mutual attraction which 
the molecules of a body exert upon one another ; 
it is, indeed, the force which keeps the particles 
of a substance together. Cohesion is strongest 
in solids, which in its absence would crumble 
^ ,. , into powder ; it acts between the particles of 

Fir,. 10.— Equality of ,. . T , . . , •, i i. 

Liquid Pressuie. liquids, but HI gascs it may be said to be absent. 




Fig. 9.— a Water-level. 
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It will be as well before leaving this subject to learn in what 
way cohesion differs from another similar property possessed by 
some kinds of matter and which is known z,^ adhesion. Adhesion 
denotes the attraction between unlike particles of matter. A 
metal plate may be made to adhere to glass ; and a postage 
stamp may be said to exhibit the existence of the force of 
adhesion when it is stuck upon an envelope. 



Characters of Gases. 



EXPERIMENTAL WORK. 



15. A Gas has no Surface and spreads itself through as much Space 
as it can. — Collect a bottle of ordinary gas in the following way. Fill a 
bottle with water, and invert it in a basin of water ; then displace the 
liquid with gas led from a jet by a piece of india-rubber tubing (Fig. 11). 



Fig. II. — How to collect gas in a bottle. 

Now insert a cork into the neck of the bottle while it is still under 
water, or cover the mouth with a glass plate, and lift the bottle out of 
the water and place it on the table. The gas has the size and shape of 
the bottle. 

Open the bottle and wave it about ; you immediately notice the smell 
of gas throughout the room, and know from this that the gas is every- 
where in the room, and therefore has the size and shape of the room. 

16. Gases are easily Compressible. — Place your finger over the nozzle 
of a penny squirt. Notice that by exerting force you can compress the 
air in the cylmder into a smaller space. Consider also the inflation of 
a bicycle tyre. 

Gases. — It has already been explained that the leading 
difference between a solid and a liquid is the power of flowing 
which the latter possesses. Gases also possess fluidity, and to 
a much more marked degree than liquids. Liquids and gases 
are in fact both classifled as fluids. But whereas liquids are 
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almost incompressible, gases are very easily compressed into 
a much smaller space according to a definite law, viz., just 
in that proportion in which you increase the pressure on a gas 
do you decrease the volume which it occupies. 

In the case of both liquids and gases, when the pressure is 
removed the original size is at once regained owing to the 
perfect elasticity of both these forms of matter. V»\x\.while solids 
show elasticity when acted upon by any force^ liquids and gases 
only show it when compressed. 

A liquid always adapts itself to the shape of the containing 
vessel, and presents a level surface at the top ; a gas, on the other 
hand, will, however small its volume, immediately spread out 
and do its best to fill the vessel, however large ; and it does not 
present any surface to the surrounding air. We can never say 
exactly where the gas leaves off and the air begins. Another 
distinction will be. more fully appreciated after we have con- 
sidered the action of heat upon the volume of bodies. We shall 
learn that, generally speaking, all bodies get larger as they are 
heated ; this is very much more decidedly the case with gases 
than with liquids. Gases then, are easily compressible 
and expand indefinitely. 

We shall learn that all gases expand equally when heated to 
the same extent, but this fact and others will be much better 
understood in their proper places. 

Change of State. 

EXPERIMENTAL WORK. 

17. Ice^ Water ^ and Sieim are different forms of the same kind of 
Matter. — {a) Procure a lump of ice and notice that it is a solid or has a 
particular shape of its own, which as long as the day is sufficiently cold, 
remains fixed. 

{b) With a sharp brad-awl or the point of a knife break it up into 
pieces, and put a convenient quantity of them into a beaker. Place the 
beaker in a warm room, or apply heat from a laboratory burner or spirit 
lamp. The ice disappears, and its place j-. taken by what we call water. 
Notice the characters of the water are those of a liquid. It has no 
definite shape, for by tilting the beaker the water can be made to flow 
about. 

{c) Replace the beaker over the burner and go on warming it. Soon 
the water boils, and is converted into vapour, which spreads itself 
throughout the air in the room, and seems \u disappear. The vapour 
can be made visible by blowing cold air at it, when it becomes white 
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and visible, but is really no longer yapour, but has condensed into 
small drops of water. 

18. Solid Lead assumes the Liquid Condition when Heated. — Heat a 
piece of lead or zinc in an iron spoon. Observe it eventually changes 
into a liquid, and that more heating is required to effect the change than 
in the case of ice. 

m 

The same kind of Matter can exist in all three 
Forms. — To the fact which has now been learnt that there 
are three kinds of material things, we must add another idea; 
viz., that the same matter can exist in all three forms. The 
change in the state of matter, whether from the solid to the 
liquid condition, or from the liquid form to the gaseous state, is 
most easily brought about by heating the material thing under 
consideration. Reverse changes, viz., from gas to liquid, and 
from liquid to solid, can be effected by cooling. 

As will be more fully seen in subsequent chapters, the degree 
of heating required to bring about the above changes varies very 
greatly with different substances. Iron must be heated very 
much more than ice before it can become a liquid. Alcohol, 
again, has to be cooled to a much greater extent than water 
before the liquid condition gives place to that of a solid. 

When a substance has, as a result of heating, successively 
passed through the solid, liquid, and gaseous states, then if the 
conditions are reversed and the gas is continuously cooled, the 
liquid form is first reassumed, and subsequent cooling causes the 
liquid to change again into the original solid. 

Sudden and Gradual Changes of State. 

EXPERIMENTAL WORK. 

19. Warm a dry flask by twirling it between the finger and thumb 
above the flame of a laboratory burner. When it is too warm to bear 
the finger upon the bottom, introduce a crystal of iodine, and notice it 
is at once converted into a beautiful violet vajwur. Notice the formation 
of crystals on the inside of the flask as it cools. 

20. Gently heat a few crystals of sal-ammoniac (ammonium chloride) 
in a dry test tube. Notice the rapid conversion of the solid into a vapour 
and its deposition on the cold upper part of the tube. This is called 
Sublimation. 

21! Warm a lump of sealing-wax or bicycle cement in an iron spoon, 
and notice the gradual conversion into a liquid. 
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The Change from one State to another may be 
Sudden or Gradual. — The circumstances attending the 
change from the solid to the liquid, or from the liquid to the 
gaseous state, are not always the same as in the case of water. 
When solid iodine is heated, it appears to suddenly pa$s from 
the condition of a solid to that ,of gas. Camphor is another 
instance of this sudden transition from solid to vapour. When, 
on the other hand, sealing-wax is heated, it very gradually 
. passes into the liquid condition, and may be obtained in a kind 
of transition stage — neither true solid nor true liquid. 

There is no hard and fast line between the three conditions of 
matter. The reader will find as his knowledge extends that in- 
termediate states are known between those conditions we have 
mentioned, but for the present it will be best to confine the 
attention to this simple division, reserving for future work a 
study of these gradations. 

Indestructibility of Matter. 

EXPERIMENTAL WORK. 

The meaning attached by men of science to the expression indestructi- 
bility of matter will be clear after a few experiments have been per- 
formed. 

22. No Loss of Matter during Evaporation. — Boil water gently in a 
retort fitted like that in Fig. 12. The steam passes through a tube 
surrounded by a wider tube in which cold water is kept flowing. Catch 
the condensed steam in a flask placed at the lower end of the inside 
tube. If none of the steam escapes, the water thus collected will be 
found to have the same mass as that boiled away. 

23. No Loss of Matter during Melting. — Place a piece of ice in a flask 
suspended from one arm of a balance. Counterpoise the flask with the 
ice in it ; then melt the ice by warming the flask, and show that the • 
counterpoise is unaltered. 

24. No Loss of Matter accompanies Solution. — Put some water in a 
flask and some salt in a piece of paper (Fig. 13). Counterpoise the flask 
of water and the paper of salt together and then dissolve the salt in the 
water. The total mass remains unaltered. 

25. No Loss of Matter accompanies Chemical Change. — (a) Put a piece 
of phosphorus of about the size of half a pea at the bottom of a flask ; 
insert a well-fitting cork, and weigh the whole. Remove the cork from 
the flask, set fire to the phosphorus by holding the flask near a flame, 
replace the cork rapidly, and again weigh the whole apparatus. 
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The mass will be practically the same in both cases, because nothing 
has been added or taken away from the total quantity of matter con- 
tained in the flask. 



Fig. 12.— Condensation of Steam. 

{/)) Place a small piece of magnesium ribbon in a porcelain crucible, 
and determine, by weighing, the mass of the ribbon and crucible. Then 





Fig. 13. — There is no change of mass when salt is dissolved in water. 

ignite the magnesium, and when it has burned out again find its mass. 
The mass will be found greater than before. 
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(^) Connect two flasks containing a little hydrochloric acid and am- 
monia respectively, and fitted with india-rubber stoppers having a single 
hole, through which a piece of glass tubing passes (Fig. 14). Suspend 
the whole apparatus from a balance, and 
counterpoise it. Notice that a white cloud 
gradually forms owing to the combination of 
the two gases. But though these solid par- 
ticles forming the cloud are produced, the 
counterpoise is not disturbed ; therefore the 
mass has not changed. 

Even ^in cases where the destruction of matter 
appears manifest it can be shown by suitable 
experiments that there has really been a forma- 
tion of new kinds of matter, which under or- 
dinary conditions are invisible. Thus, in the 
case of a burning candle, which is apparently 
destroyed as it burns, the following experiments 
show what really takes place. 

26 {a). Over a burning candle hold a white 
glass bottle which has been carefully dried 
inside and out. Observe that the inside of 
the bottle becomes covered with mist, and after 
a short time drops of liquid are formed which 
run down the sides of the bottle. TAe burn- 
ing of the candle has resulted in the fortnation 
of a new form of matter, viz., water. 

[b) Allow the candle to burn in a similar 

bottle placed on the table. After a time the 

Fig. 14. -When ammonia candle ceases to burn, and when this has 

gas unites with hydro- happened take the candle out and cover the 

chloric acid gas to form bottle over with a glass plate. Notice that 

id^"^t"'Ts°r™ch^"ge no Change seems to have taken place in the gas 

of mass. which filled the bottle. Now pour some clear 

lime-water into another clean bottle and shake 

ft up ; the lime-water remains clear. (There may be •* slight milki- 

ness owing to the presence in the air of the gas which is formed. 

If so, the experiment must be made comparative.) Lift off the glass 

plate and do the same with the bottle in which the candle has been 

burnt ; the Ktne- water turns milky. The burning of the candle has also 

resulted in the formation of a new kind of matter, viz., a gas which 

turns clear hme-water cloudy. 

No kind of Matter can be Destroyed.— There is a 
certain fixed amount of matter in the universe which never gets 
any less and never any greater. If we confine our attention to 
the earth, we cannot say that it never receives an addition tc 




gitized by Google 



FORMS OF MATTER 17 



the matter of which it is built, for every year it is receiving 
numbers of small solid bodies which are continually falling upon 
its surface from outside space. But the statement means that in 
those cases in which it is popularly supposed there is a loss of 
matter, for instance when a fire bums out, no such destruction 
has taken place, but only a change in the form assumed by the 
matter. This will be made quite clear if you follow out what 
really takes place when a candle burns and, as it would seem, 
gradually disappears. 

The Burning of a Candle.—The candle ceases to exist as 
tallow or wax, or whatever it is made of, and assumes new forms, 
still material, one liquid, the other a gas which turns lime-water 
milky. When all the liquid formed and all the gas which turns 
lime- water milky are weighed, 
it is found that these two 
things together actually have 
a greater mass than the part 
of the candle which has dis- 
appeared had. The reason 
why there is an increase of 
mass will be explained later. 
The arrangement for per- 
forming this experiment is 
shown in Fig. 1 5. The candle 
is burned in a wide tube, 
fitted with a cork at the 
bottom with holes in it to 
allow the air, which is neces- 
sary to help the candle to 
burn, to pass in. The tube 
is filled with a substance 
which has the power of , 
arresting the products of the = 
burning. Such a substance \ 
is caustic soda, which is used 

in the form of lumps. Air is Yig. 15. -Apparatus to show that no matter 
drawn through the apparatus »s destroyed when a candle burns. 

as shown by the arrows. 

Before the experiment is started, the candle is weighed with 
the tube containing the lumps of caustic soda. After the 

Ex. Sc— I.' C 
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experiment the same things are weighed over again. It will be 
found that the tube has increased in mass to a greater extent 
than that of the candle has been diminished. We may be quite 
sure, therefore, that there has been no loss of matter. The gain 
is due to a gas taken from the air by the candle when burning. 
You will understand this better after you have studied the lessons 
on chemistry. 

The Burning of Phosphorus.— When phosphorus is 
allowed to burn in a closed flask as in the experiment described 
on p. 14, there is no alteration in the quantity of matter before 
and after the burning, as can be shown by weighing. What 
happens in the flask is very simple, though probably it will not 
be fully understood until the Chemistry Section has been studied. 
In the first place there was phosphorus and air (the latter con- 
taining oxygen and nitrogen) in the flask. When the phosphorus 
takes fire it unites with the oxygen to form an oxide of phos- 
phorus (phosphorus pentoxide). After a short time the phos- 
phorus ceases to bu^rn because either it has all been burnt or 
has used up all the oxygen, in which latter case there is nothing 
left to support combustion. Upon opening the flask there will 
be found iii it a gas, nitrogen, in which a candle or a taper or 
anything requiring oxygen will not burn. The fumes of phos- 
phorus pentoxide formed by the combustion of the phosphorus 
will be found as a white substance deposited upon the inside of 
the flask. And if too large a quantity of phosphorus was used, 
some of it will be found uncombined at the bottom of the flask. 



Chief Points of Chapter I. 

3y matter is meant all things hi or out of our world which we can 
become aware of by the help of our senses. 

Diflferent kinds of Matter.— ( i ) Solids, (2) Liquids. (3) Gases. 

Liquids and gases are sometimes classed together 2JS, fluids. 

A solid does not readily alter its size or shape. It will keep its own 
volume and the same form unless subjected to a considerable force. 

A liquid adapts itself to the shape of the lowest part of the vessel 
containing it ; but the conditions remaining the same, it keeps its own 
size or volume, however much its shape may vary. 

Gases are easily compressible and expand indefinitely. 

Distinctive Characters of Solids. ^ — (i) Elasticity of elongation, 
flexure, and torsion ; (2) Tenacity ; (3) Ductility ; (4) Hardness. 
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Blstlnctive Characters of Liquids. — (i) When not held by the 
sides of a vessel theyy?f?w. (2) When at rest they have a horizontal 
surface. (3) They communicate pressure equally in all directions. (4) 
They can be separated into drops which will run together again. 

The same kind of Matter can exist in all three Forms.— (i) Ice, 
water, and steam are different forms of the same kind of matter. 
(2) Solid lead assumes the liquid condition when heated. The change 
from one state to another may be sudden or gradual. 

Indestructibility of Matter.— There is no loss of matter during 
(i) evaporation, (2) melting, (3) solution, (4) chemical change. 

Questions on Chapter I. 

1. Give some of the properties which are possessed by all kinds of 
matter and explain in your own words what is meant by a property. 

2. What experiment could you perform to show that a solid, say a 
billiard ball, is elastic ? Explain' as well as you can what you mean by 
elasticity. 

3. The same portion of matter can, under suitable conditions, assume 
different states. Describe fully some experiment which illustrates this 
statement. 

4. What evidence can you give that the different states of matter 
gradually shade into one another ? 

5. What properties arc gencrg.lly associated with matter in the 
sohd form ? Give a definition of a solid which includes the chief of 
these. 

6. In what respects are liquids different from solids ? 

7. How do gases and liquids differ ? 

8. What property in particular is possessed by liquids and not 
by solids ? And what character has a gas which neither liquids nor 
solids possess ? 

9. What property is it which liquids possess which enables them to 
form drops? Describe another experiment which also shows the 
possession of this property by liquids. 

10. Give in the form of a definition the distinctive properties of a 
liquid. What name do we give to the property which prevents liquids 
from being perfectly fluid, and what do you know about it ? 

11. Describe experiments in support of the assertion that liquids com- 
municate pressure equally in all directions. 

12. How would you show by experiment that the mass of the same 
portion of matter in different states is constant ? 

13. On what grounds is the assertion that " Matter is indestructible" 
based ? 

14. Describe fully an experiment with which you may be familiar to 
prove that matter is indestructible. 

15. What are the three forms of matter, and what are their dis- 
tinctive features? Give two examples of kinds of rriatter of which all 
the three forms are known to you, and state the conditions under which 
they exhibit the different forms. 

C 2 
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• CHAPTER II 

MEASUREMENT OF SPACE 

Mecusurement of Length. 

EXPERIMENTAL WORK. 

27. Inches and Centimetres, — {a) Procure a rule divided into inches 
and parts of an inch on one edge, and centimetres and parts of a centi 
metre on the other. Examine the divisions. Measure the length of 
this page both in inches and centimetres .; also determine other lengths 
in the two systems of measurement. 

Put down the results in parallel columns, as shown below, and from 
them calculate the number of centimetres in an inch. 



Length in centimetres. 


Length in inches. 


No. of centimetres. 
No. of inches. 









{b) Draw a line a metre long and one a yard long close to it. 
Measure the length of the metre line in inches and fractions of an inch, 
and the length of the yard line in centimetres. In this way find 

Number of inches in one metre = 39*3. 
Number of centimetres in one yard = 9i'4, 

{c) Draw a line one foot long and find its length in centimetres-, 
draw another a decimetre long and find its length in inches. In this 
way determine 

Number of centimetres in one foot = SO'S* 
Number of inches in one decimetre = 3 '9. 

{(I) Measure the length of your desk, or of a table, or other con- 
venient object, in inches and decimals (tenths) of an inch. Determine 

20 
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the same length in metres and decimals of a metre. Use the results to 
determine the number of inches in a metre, thus : — 



Length in inches. 


Length in metres. 


No. of inches. 
No. of metres 









28. Simple application of Measurements of Length. — Measure the 
circumference of a wooden cylinder by winding a strip of paper around 
the curved surface and pricking a hole through the strip where it over- 
laps (Fig. 16). Determine the length of the paper between the twc 



Fig 16. — How to measure the circumference of a cylinder. 

pin-pricks by taking off the paper and measuring it with a centimetre 
scale. Next measure carefully the diameter of the cylinder. Repeat 
the experiment with other objects, such as a cylindrical canister or glass 
bottle or disc. Set down the results in parallel columns and use them 
to find the ratio of the circumference of a circle to the diameter. 



Diameter. 


Circumference. 


Circumference. 
Diameter. 









Measurement of Len^h. — Whenever we measure a 
length, what we do is to compare it with another length which is 
called the standard or unit. A standard of length is necessary 
to avoid confusion, for if no standard exis^ ^.d some people might 
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use one length when measuring, and other people might use an 
entirely different length under the same name. Every one 
knows that British people, when they speak of a length, express 
it as yards, feet, inches, or one of the other measures which 
have been learnt in Long Measure or Measures of Length. 

Most thoughtful persons have said to themselves at one time 
or another— What are these yards, feet, and so on ? How does 
the maker of a rule know how long a yard has to be ? And 
how is it that if you buy a yard measure in London, Manchester, 
or any other town, it is always the same length? These are 
all very important questions, and we must try to answer 
them. 

What a Yard is. — In a strong room of the Board of Trade 
in London there is a fire-proof iron chest which contains a 
bar of bronze. Into this bar, near each end, are sunk two golden 
studs, and across each stud fine lines are drawn. The distance 
between these marks (when the bar is at a certain temperature, 
called sixty-two degrees Fahrenheit, which you will understand 
before you get to the end of this book) is what is called the 
Imperial Standard Yard. This is the British Standard of 
length. Several exact copies of this bar have been made and 
are securely kept in different places. There is consequently 
very little danger of all the bars being burnt or lost at the same 
time. All yard measures should be the same length as the dis- 
tance between these marks. The yard is divided into three 
equal parts, and each of these is called a foot. A foot is divided 
into twelve equal parts, and each part is called an inch. 

The Metre. — Lengths are not measured in yards, feet, and 
inches in all countries. In France, and most other countries, 
the standard length is what is called a metre. In Sevres, a 
bar of a similar kind to that kept by our Board of Trade is 
carefully preserved. The distance between the two marks in 
the golden studs is the standard known as the metre. The 
metre is longer than the yard. You know there are thirty-six 
inches in the yard, but the metre measures about thirty-nine 
and one-third inches, or three feet, three and one-third inches 
(3 feet si inches). This number is easily remembered because 
it only contains the figure 3. 

Divisions of the Metre.— The metre is not divided in the 
same way as the yard. A much better plan is adopted. First 
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the metre is divided into ten equal parts, each of which is 
caDed a decimetre, so that you may write : 

10 decimetres make one metre. 
The distance from one end to the other of Fig. 17 is a 
decimetre. 

Next, each of these decimetres is divided into ten equal parts, 
each of which is a centimetre, and it takes one hundred of 
them to make a metre, consequently you may say : 
10 centimetres make i decimetre. 
100 centimetres „ i metre. 
The distance from one number to the next in Fig. 17 is a 
centimetre. 

Then, each centimetre is divided into ten equal parts, and 
each of these is called a m.illimetre, and it takes one thousand 
of them to make a metre. The smallest divisions in Fig. 17 
are millimetres. 

Thus, you see that you may write a table for the sub-divisions 
of the metre which you will have no trouble in remembering : 
10 millimetres make i centimetre. 
10 centimetres „ i decimetre. 
10 decimetres „ i metre. 
For lengths greater than a metre the same simple plan is 
used. A length which contains exactly ten metres is called a 
dekametre ; one which just contains a hundred metres is called 
a hektom.etre ; and one which is exactly a thousand tinries as 
long as a metre is called a kilom.etre. These can be put 
to ether in another little table : 

10 metres make i dekametre. 

10 dekametres „ i hektometre. 
10 hektometres „ i kilometre. 
Comparison of British and Metric MeaiSiires.— On the 
Continent the metric system of measurement is used almost 
entirely. The sign posts on the roads do not show how many 
miles it is to the next village or town, but the number of 
kilometres. Linen and silks and such materials are not sold 
by the yard, but by the metre, and shorter lengths are measured 
in centimetres. You will find it useful to remember that about 
2^ or 2*5 centimetres are equal to i inch, 30*5 centimetres are 
equal to I foot, and eight kilometres are about five miles. 
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The metric system of measurement is thus much simpler than 
the British, for all the divisions and multiples of the standard 
go in tens. In our system, compound 
reduction, such as reducing miles to inches, 
involves a long sum, but in the metric 
system, kilometres can be transformed 
into millimetres by merely moving the 
decimal point. A measure in any de- 
nomination in the metric system can in 
fact be converted into units of the next 
smaller kind by moving the decimal 
point one place to the right, and into 
units of the next larger kind by moving 
the decimal point one place to the left. 

Relation between British and 
Metric Units of Length.— The exact 
relations between linear measures in the 
British and Metric systems of units are 
shown in the following tables, and. also 
in Fig. 17. 

Metric to British. 





I millimetre = 0*039 inch. 




I centimetre = o'394 inch. 




I decimetre = 3*937 inches. 




I metre = 39'37i inches. 




I metre = 3*281 feet. 




I metre = 1 094 yards. 




I kilometre = 0*621 mile. 




British to Metric. 




I inch = 25*399 millimetres 




I foot = 0*305 metre. 




I yard = 0*914 metre. 


IG. 17.— British and metric 


I mile = 1609*000 metres. 


measures compared. 


= 1*609 kilometres. 



The Conversion of Units. — It is often necessary to con- 
vert British into Metric measures and vice versa. This is 
merely a matter of simple multiplication. Thus : 

Convert 12*7 inches into centimetres. 
I inch= 2*54 cms. 
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Therefore 127 mches= 2*54 x 127 cms. 
= 32*258 cms. 

The following examples will serve to make the student 
familiar with the use of conversion factors : 

(i) If a man walk 12 miles in 3 hours, how many kilometres 
would he walk in the same time ? 

(ii) If the length of a certain hill is 1963 metres, what is the 
length in feet ? 

(iii) A merchant wishes to order 220 feet length of a certain 
material from a continental firm which sells the material in 
metres. How many metres should he order ? 

(iv) Convert (a) 17*6 inches into centimetres. 
(If) 2 ft. 3 in. into decimetres. 

(c) 22 yds. 7 ft. 5 in. into metres. 
(v.) Convert (a) 30 cms. into inches. 

(d) 57 dms. into feet. 

(c) 113*54 metres into yards. 

Measurement of Area. 

EXPERIMENTAL WORK. 

29. C/m'ts of Area. — Draw a square inch and a square centimetre, 
side by side, as shown in Fig. 18. 

30. Measurement of Area. — (a) 
Draw a square decimetre and divide 
it into square centimetres, as shown 
on a reduced scale in Fig. 19. The 
area of the square is thus shown gra- 
phically to be equal to the length 
multiplied by the height. Now draw 
two or three oblongs and determine 
their areas by means of this rule. 
Determine the areas of the square and 
oblongs both in square inches and 
square centimetres, and use your re- ^' 'g- 18-Square .nch and square 

w A /- J ^1 i_ / centimetre, 

suits to find the number of square 

centimetres in one square inch, thus : 



OKWtlMCTBK 




Area of a given rectangle 
in square inches. 


Area of same rectangle 
in square centimetres. 


Square centimetres. 
Square inches. 
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(if) Draw a square foot and a square decimetre and find the number 
of square decimetres in the square foot, and the fraction which one 
square decimetre is of one square foot. 

{c) If convenient, draw a square yard and a square metre upon a 
black-board or a large sheet of paper. Dtttermine the area of the square 
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Fig-. 19. — Square divided into units of area. 

yard in decimals of a square metre, and the area of the square metre in 
square yards. To obtain the latter result,, the number of square inches 
in one square metre is determined, and the result divided by the 
n.umber of square inches in a square, yard. 

31. Deterininatiotts 0/ Areas, ^a) It has already been explained that 
the area of a Square or an oblong can be determined by dividing the 
figure into units of area and counting the number of units. Paper 

can be procured divided 
into squares of a definite 
size, similar to those 
represented in Fig. 20. 
By means of "squared" 
paper of this kind, the area 
of any figure can be found 
by drawing the figure upon 
the paper and counting the 
number of squares em- 
FiG. 20. -The Area of the parallelogram CABD braced by the boundary 
is the same as that of the oblong CEFD. lines. If " squared " paper 
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is not available, the area is still easily found by dividing it up into 
square centimetres with a T-square and set squares. 

(d) Draw an oblong, such as CEFD (Fig. 20), upon squared paper, 
and find the number of squares it contains. Draw a parallelogram 
CABD with a base equal to the base of the oblong, and a height equal to 
that of the oblong. Count the number of squares in the parallelogram 
(counting the portions of squares as quarters, halves, and three-quarters). 
The number will be the same as that found for the oblong. No matter 
what parallelogram is drawn, the area will be found to be the same as 
that of an oblong on the same base and having the same height. 

{c) Draw 3. parallelogram on paper or thin card and then cut it in 
two from corner to corner. You have now two triangles, and by laying 
one on the other you will find that they fit and are equal. 

(if) Draw an irregular figure upon squared paper and count the 
number of squares embraced by it (Fig. 21). If the size of the squares 



Fig. 21.— Method of determining area of irregular figures. 

is known, the area of the figure can be determined in this way. The 
area of any irregular figure can evidently be determined by tracing the 
figure upon squared paper and counting the number of squares included 
by the outline, or by actually dividing it into square centimetres. 

Measurement of Area.— Most readers of this book will 
probably already know the difference between lengths and areas. 
But to make quite certain we will take a few simple examples. 

Provided with a rule, it would be easy to measure the length 
of the room and its breadth or width. If we had a ladder we 
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could, in the same way, measure its height. Now, if we were 
going to have a carpet put down, we should give the upholsterer 
the order, and he would pay us a visit to measure the floor. 
You know very well it would no4 be enough for him to measure 
the length of the room only, or its width only, because both of 
these are measures of length. To know how much carpet he 
wants the workman must find out the amount of surface the 
floor has, or what is called its area. To do this he measures 
both the length and width of the floor, and when he multiphes 



Fig. 22. — This represents a square yard reduced so as to fit this book. 
Each small square represents a square inch, and the large squares 
bounded by thick lines represent square feet. 

them together he gets the area, if the room is a square or oblong 
one. If he measures the length and width in feet, then by mul- 
tiplying them together he gets the area of the floor in square 
feet ; if the measurement of the length and width were taken in 
inches, the area in square inches would be obtained by 
multiplying them together. 

Whenever areas are measured in this country, square inches, 
square feet, square miles, or some other unit from square 
measure is employed. * Square measure ' is obtained from 
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'long measure' by multiplying. Thus, as there are 12 inches 
in a foot, there are 12x12 square inches in a square foot You 
will understand this by examining Fig. 22. Each of the large 
squares bounded by thick lines represents a square foot, but it is 
of course smaller than a real square foot. 

Square Measure.— By referring to Fig. 22, which 
illustrates how a square yard may be divided into square feet, 
and square inches, and examining your squares of cardboard 
divided into square inches or square centimetres, it is easy to 
see how square measure is obtained from long measure. This 
may be put in the form of a table thus : 

144 (=12x12) square inches make i square foot. 

9(= 3X 3) >, feet „ i „ yard. 

3oJ( = 5jx5i) „ yards „ i „ pole. 

How many square inches are there in a square yard ? You can 
find out by counting the squares in Fig. 22, or by counting the 
squares in one of the areas representing a foot and multiplying 
the number by nine. 

Square Metric Measures.— If instead of measuring the 
length and breadth of the floor in feet the workman had mea- 
sured them in metres or decimetres, what would the area ob- 
tained by multiplying be measured in ? Not in square feet, 
but in what is called square metres, square decimetres, etc. 
Square measure in the metric system is obtained from long 
measure in just the same way as we used in the case of inches. 
All we mean by the metric system is the plan of using metres, 
etc., instead of yards, etc., in measurements of all kinds. We 
can now write down the measures of area or surface in the 
metric system : 

100 (= lox 10) square millimetres make i square centimetre. 
100 (=10x10) „ centimetres „ i „ decimetre. 
100 ( = 10x10) „ decimetres „ i „ metre. 

A square decimetre is too large to be shown on this page. 
Fig. 23 shows two complete rows of square centimetres, but 
there are ten rows of this kind in a square decimetre. The 
centimetre AGFE in the top left-hand corner is divided into 
square millimetres. As i square centimetre contains 100 
square millimetres, i square decimetre or 100 square centimetres 
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contains looxicx) square millimetres, that is 10,000 square 
millimetres. 

The size of a square centimetre is compared with the size of a 
square inch in Fig. 18. You will see that a square inch is much 
larger than a square centimetre. Each side of the square 



B 



F 

• 



inch is 2*54 centimetres in length, so the 
number of square centimetres in a 
square inch is 2*54 x 2*54 = 6*45, or nearly 
6^ square centimetres. 

Relation between Btitish and 
Metric Units of Area. — These exer- 
cises have shown roughly the relation 
between the measurements of areas ex- 
pressed in the metric and British systems 
of units. The exact proportions which 
the units of area in the two systems bear 
to one another are shown in the follow- 
ing table : — 

Metric to British. 



I square centimetre 
I square decimetre 
I square metre 



= 0*155 square 

inch. 
= 1 5 '500 square 

inches. 
= 10764 square 

feet. 
= 1*196 square 

yards. 
I are (100 square metres) = 1 19*603 square 

yards. 

I hectare f 1 0,000 square) 

V ?= 2*471 acres, 

metres) ) ^' 



British to Metric. 

I square inch = 6*451 square centj- 

metres. 
I square foot = 9*289 square deci- 
~ ^ metres. 

''"an'illu'r'SlHrr ' square yard = 0-836 square metres. 

Ten rows of ten square j acrC = IO*II7 arCS. 

centimetres make one ., -o. o i^ 

square decimetre. I squarc mile = 258*989 hectares. 
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Measurement of Volume. 

EXPERIMENTAL WORK. 

32. Units of Volume, — {a) Procure a box or a block one cubic foot 
in size. The top, and, if possible, the other faces of the cube, should be 
divided into square inches. 

Notice that the area of each face of the cubic foot is one square foot. 
Count the number of square inches marked on one face. Notice that 
144 cubic inches could be cut out of a slab of the cube one inch thick. 
How many slabs having a thickness of one inch could be cut from one 
cubic foot, and how many cubic inches are there altogether in such a 
cube ? 

{b) Obtain a cubic centimetre of wood ; a slab of wood 10 x 10 x i cm. ; 
a rod of wood i x i x 10 cm. ; and a cubic decimetre of wood. 

How many cubic centimetres are there in the rod of wood ? How 
many such rods would be required to make a slab of wood the same 



Fig- 24.— Ten cubes like A would make a rod like B. Ten rods like B would 
make a slab like C, and ten such slabs would make the cube. 

size as that supplied? How many cubic centimetres, therefore, does 
the slab contain? How many slabs would be required to make a cubic 
decimetre ? How many cubic centimetres would be required to make 
such a cube? {See Fig. 24.) 

{c) Compare the cubic centimetre of wood with a cubic inch of wood 
and the cubic decimetre with the cubic foot. Knowing that 2*54 
cm. = I inch, calculate the number of cubic centimetres in one cubic 
inch. 

33. Capacity. — {a) Cut out of cardboard a figure of the shape shown - 
in Fig. 25 and of the size indicated by the numbers. Cut the cardboard 
half-way through at the dotted lines, and then bend it to form a cubical 
box which will hold I cubic decimetre, that is, / litre. Bind the edges 
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together with glued tape, and varnish the box inside and out to make 
It watertight. Make a similar box having sides I inch in length, so 
that It will contain i cubic inch. 



Fig. 25. — Sides of a cubic decimetre box. 

{d) Fill the cubic inch box, from the last experiment, with water, and 
by pouring the water into a jar graduated into cubic centimetres, deter- 
mine the number of c. cm. in a cubic inch. 

34. How to find the Volume of a Solid. — {a) Fill the cubic inch lx)x 
with water and pour the water into a narrow glass jar or bottle. Make a 
mark upon the bottle level with the top of the water. Repeat the 
operation until the vessel is full of water. A bottle graduated into cubic 
inches is thus obtained, and it can be used to determine roughly the 
volume of an irregular solid such as a piece of lead, a glass stopper, a 
few nails, or any solid heavier than water which will go into the bottle. 
Fill the bottle about three-quarters full of water ; observe the level of the 
water, and then gently drop in the chosen object. From the rise of 
water-level which immediately takes place, the volume of the object 
can be estimated. 

[b) Repeat the last experiment, substituting the jar graduated into 
c. am. The volume of the solid used, in metric units, is shown by the 
rise of the water above its original level. 

{c) If the object is lighter than the liquid employed, a sinker made of 
lead or iron should be employed. First place the sinker in water and 
notice the level \ then take the sinker out of the water and tie it with 
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thread to the light object, and place them both in the jar. The 
additional rise of level which takes place will give the volume of the 
object. 

Measurement of Volume.— If we examine Fig. 26, which 
represents a cubic foot, and bear in mind what we have already 
learnt, we shall easily understand that each edge of the solid 
there represented is measured as a length. Each of its faces has 
an area, which can be obtained by multiplying together the 
lengths of two of the edges which meet at a comer. But the 
size of the solid, or the amount of room it takes up, or the space 
it occupies, is quite a different thing. This new measurement 
is what is called its volume. 

The volume of a solid body is obtained by measuring in three 
directions. Just as to find 
the area of a surface we 
measure its length and 
breadth, so to measure the 
volume of a solid we must 
find in addition to measure- 
ments of length and breadth, 
another distance called the 
thickness. If we multiply 
length, breadth, and thick- . 
ness together we obtain 
a volume or cubical con- 
tent. Fig. 26 — To explain why 179B cubic inches 

Returning to our cubic make one cubic foot. 

foot for a moment, let us find 

how many cubic inches it contains. We know already that any 
one of its faces covers 144 square inches of surface. In the cube 
we can think of a layer of 144 cubic inches, or little cubes each 
edge of which is an inch, and each face of which is a square inch. 
How many such layers are there in the whole cubic foot ? 
Evidently there are twelve layers. 

Consequently, in the whole cube we have 144x12= 1728 

little cubes the edges of which are one inch long and the faces 

of which are each one square inch. Or, one cubic foot contains 

1728 cubic inches. 

We could reason in the same way to find out how many 

Ex. Sc— I. D 
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cubic feet are required to build up a cubic yard. We may write 
down, therefore, 

1728 ( = 12 X 12 X 12) cubic inches make i cubic fool. 
27 (= 3X 3X 3) „ feet- „ I „ yard.. 
Metric Measures of Volume. — We proceed in a similar 
way when we wish to measure volumes by the metric system. 



Fig. 27.— a cubic decimetre divided into cubic centimetres. 

A block built up with cubes representing cubic centimetres is 
^hown in Fig. 27. 

The cube measures 10 centimetres each way, and its volume 
is therefore a cubic decimetre. You know there are 10 centi- 
metres in a decimetre, so you may say the edge of the 
decimetre cube is 10 centimetres in length ; the area of one 
of its faces is 10 x 10=100 square centimetres ; and its volume 
is lox lox 10= 100 X 10= 1000 cubic centimetres. 

The Litre. — If a hollow cube is made i decimetre long, 
1 decimetre broad, and i decimetre deep, it will hold 1000 
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cubic centimetres of liquid. This capacity is called a litre. AU 
liquids are measured in litres in countries where the metric 
sjrstem is adopted. Thus in France, wine, milk, and such 
liquids, are sold by litres instead of by pints. A litre is equal 
to about one and three-quarters English pints. 

We may now write some of the measures of volume in the 
metric system : 

ID centilitres make i decilitre. 

ID decilitres „ i litre (looo cubic centimetves). 

lo litres „ i dekalitre. 

lo dekalitres „ i hektolitre. 

JO hektolitres „ i kilolitre or i cubic metre. 

Cubic Centimetres and Cubic Inches.— It has already 
been found that one inch is 2*54 centimetres long. The area of 



Fig. 28.— It would take 16J cubic centimetres to make i cubic inck* 

one square inch, that is of a surface i inch long and i inch 
broad, is therefore 2*54 x 2*54 or 6*45 square centimetres. The 
volume of a cubic inch, if the measurements are made iii 
centimetres, is 2*54 x 2*54 x 2*54 cubic centimetres, that is 16*3^ 
cubic centimetres. It would thus take 16*38 cubdc centimetres, 
or roughly 16J cubic centimetres, to make on-e cubic inch. 
Sixty-one cubic inches are about equal to the volume of one 
decimetre. 

Relation between British and Metric Units of 
Volume. — Your measurements will show approximately the 
relations bet wee:; the units of volume or capacity in the British 

D 2 
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and metric systems of measurement. The exact equivalent 


are as follows : — 






Metric i 


to British, 


I cubic centimetre 


= 


0061 cubic inch. 


I cubic decimetre 


= 


6ro27 cubic inches. 


I cubic metre 


= 


35*316 cubic feet. 




= 


1*308 cubic yards. 


I litre 


= 


1*761 pints. 


Bntish 


to Metric, 


I cubic inch 


= 


16*386 cubic centimetres. 


I cubic foot 


= 


0*028 cubic metre. 




= 


28*315 cubic decimetres. 


I cubic yard 


= 


0*764 cubic metre. 


I pint 


= 


0*568 litre. 


I quart 


= 


1*136 litres. 


I gallon 


= 


4*543 litres. 



Simple Application of Volume Measurement,— The 
student cannot have failed to notice that the 

volume of a cube *= area of the base x height. 

The volume of any rect- 
angular block, or of a 
cylinder, can be calcu- 
lated by the application 
of the same rule. This 
can be easily understood 
by referring to the accom- 
panying diagrams (Fig, 
29, A), which may be taken 
to represent solids divided 
into slabs one centimetre 
thick, while the lowest 
slab of each block illus- 
trated is divided into small 
cubes representing cubic 
centimetres. The number 
of cubic centimetres in the 
C. D. bottom slab of each solid 

/iG. 29— To illustrate how the volumes of bodies ^s evidently the Same as 
, ,. .1. ., , - square 





having the same sectional area all the way ^Jjg number of 
up are determined by multiplying the area of 



the base by the height. 



centimetres in the base. 
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Hence, if the base had an area of 30 square centimetres, a slab 
1 centimetre high would contain 30 cubic centimetres. Two 
such slabs would therefore contain 60 cubic centimetres, three 
slabs 90 cubic centimetres, and so on for any number of slabs. 
The volume of any block having parallel ends, and the same 
width and breadth all the way up may evidently be reasoned 
out in the same manner, being equal to the area of the base 
multiplied by the vertical height. 



Chief Points of Chapter II. 
Units of Length. 



I . 

Metric 
Metre ( = ij^i yard) 

10 Decimetres 

100 Centimetres 

1000 Millimetres ' 



British 

. I 
Imperial yard 

3 feet 
36 inches 



Units of Area. 



I . 

Metnc 



British 

I 



Square metre (= i-2 sq. yards) Square yard (= 0836 sq. metre.) 



100 sq. mm. = I sq. cm. 
100 sq. cm. = I sq. dm. 
100 sq. dm. = I sq. metre 



144 sq. in. = I sq. ft. 
9 sq* ft. = I sq. yd. 



Units of Volume. 

I 



Metric 



British 



Litre (= 61*03 c. in.) 
10 Decilitres 
100 Centilitres 
1000 Millilitres (c. c) 



Cubic yard (= 0*8 c. metre.) 
1728 c. in. = I c. ft. 
27 c. ft. = I c. yd. 



Note. — I litre = 1 76 pints ; i pint = 0*57 litre. 
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Questions on Chapter II. 

1. Multiply 10*4 square centimetres by 15*5 decimetres, and state the 
result both in cubic centimetres and in litres. 

If the volume in question were filled with water at 4° C, what would 
the weight of the water be ? 

2. What is the cubical content, in litres, of a box of which the inside 
dimensions are as follows : — length 25 centimetres, breadth 12 centi- 
metres, and depth 8 centimetres ? What is the weight in kilogrammes 
of the water it would hold ? 

3. One pint is equal to 347 cubic inches, and I inch is equal to 
2*54 centimetres. How many pints are there in 1000 cubic centi- 
metres ? 

What* is the name given to a volume of icxx) cubic centimetres? 

4. How would you determine the volume of a pebble in cubic centi- 
metres ? 

5. What is the necessity for units of length, area, and volume? 
What is the unit of length in common use in this country, and how may 
it be defined ? 

6. What is the unit of length in the metric system ? What relation 
was it originally meant to bear to the earth's circumference? How 
would you define the metric unit of length in common use ? 

7. What advantages do you associate with the use of the metric 
system ? 

S. Give the multiples and sub-multiples of the unit of length in the 
British system. How are they related to one another ? 

9. What names are given to the multiples and sub-multiples of 
the metre? Compare the metre and the yard in terms of one 
another. 

10. Compare and contrast the British and metric systems of area and 
volume. 

11. Explain how the metric units of volume and length are related, 
ftf tHfert any sudh siirtple relation in the case of British units ? 

12.' What is meant by a unit of length, and why is it necessary to 
have suldh'a unit? 

Give particulars of the units of length in use in this country and on the 
Continent, and give your opinion as to whether one of the units you 
give is more convenient than the others, and if so, why ? 
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CHAPTER III. 

MASS AND WEIGHT. 

Mass and its Measurement. 

EXPERIMENTAL WORK. 

35. Meaning of Mass and Weight. — {a) Take two pieces of iron or 
brass, called in ordinary language, " pound " and " half-pound " weights! ; 
or a. "pound "and a " two-pound " will do. Lift the two pieced of 
metal. One feels heavier than the other, that is, the masses are different. 

{b) Place a certain amount of lead in one pan of a balance, and 
counterpoise it with cotton-wool in the 
other pan. The masses are equal but 
the volumes are different (Fig. 30). 

{c) Drop one of the pieces of metal ; 
it fells to the ground on account of the 
earth's pull upon it. If the attractive 
force were doubled when you held the 
piece of metal, what difference would 
you feel? If the attraction suddenly 
ceased, what wDuld happen when you 
released your hold of the piece of 
metal ? 

{d) Wind a piece of iron wire a 
yard long round a smooth walking- 
stick or a' round ruler, and so make a lu of lead lib of cotton wool 
coil. Hang one end of the coil on a pic. 30. -i lb. of lead has the same 
support, and to the other attach the mass as j lb. of cotton wool. 
iron pound. Observe that the spring 
is made longer by the downward pull of the iron (Fig. 31). 

{e) Examine the parts ofa spring balance (Fig. 32). Attach one ounce 
to the balance and show that the marker is pulled down to the division 
I. The pull of the spring upwards and of the ounce downwards are 
equal. 

(/) If possible, using a delicate spring balance, such as is used for 
weighing letters, show that the downward pull of a mass of iron can be 
increased by holding a strong magnet under it. 

39 
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36. Measurement of Mass, — (a) Examine examples of British masses, 
e.g. an ounce, a pound, a half- hundredweight. Also examine a box 
of metric masses, generally spoken of as a box of " weights." 

{b) Compare a pound with a kilogram. Hang the 100 gram mass 
from a spring balance, and notice that the downward pull or its weight 
is equal to the weight of 3^ ounces. What, then is the British 
equivalent of the weight of a kilogram ? It is evidently equal to the 
weight of 3i ounces x 10 = weight ot 35 ounces = weight of 2i lbs. 
(roughly). 

What MaiSS is.— Before we attempt to learn* how mass is 
measured we must know what is meant by this word. When we 
say that the mass of one piece of 
metal is twice as great as the other, 
we mean that one of them contains 
twice as much iron, brass, or other 
material as the other. And always 
when we speak of the mass of a 
body we mean the amount of stuff 
or matter, of whatever kind, it 
contains. Though the masses of two 
lumps of material may be equal, as 
can be shown by making one balance 

All the other in a pair of scales, their 

n volumes may be very unequal. This 

^ is very well seen by comparing equal 

xk masses of lead and cotton wool. 
/ \ The mass of a thing is not the 

same as its weight, though one is 
often confused with the other. Keep- 
ing in mind what is meant by mass, 
we can, by doing one or two ex- 
periments, find out exactly what should be meant when the word 
weight is used. 

Mass is not Weight.-— If the mass of a pound is dropped 
from the hand it falls to the ground. If the same mass is hung 
upon the end of a coil of iron wire, the coil is made longer by 
the downward pull of the mass fixed to its end. The amount by 
which a steel spring is lengthened, as the result of such down- 
ward pull of masses attached to its end, is used to measure their 
weights in the instrument called a spring balance. If we 




Fig. 31.-— Principle 
spring bal- 



no. 31. 
of the 



Fig 32.— a 

spring bal- 
ance. 



use a very delicate balance of this kind, like those used in weigh- 
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ing letters, we can make the weight of a small piece of iron 
hung on to the balance appear greater by holding a strong 
magnet beneath it. But, though the weight may appear greater, 
the mass or quantity of matter is, of course, 
the same whether the magnet is under the 
iron or not. 

If you have understood these experi- 
ments you will have no trouble in seeing 
clearly what exactly is meant by the weight 
of a body. Unsupported things fall to 
the ground ; a fact which can also be 
expressed by saying that they are attracted 
to the earth. Now, even when they are 
supported, like the objects on the table, 
the earth attracts them just as much, only 
the table prevents them from falling, as 
they would do if there were no table there. 
The force with which a body is 
attracted by the earth is its weight. 
But it must be remember that this force 
is just the same whether things actually 
fall to the ground or not. You become 
aware of the weight of a heavy thing when 
you hold it on the outstretched hand. You 
feel that it is only by using your strength, 
or as it is sometimes said, by exerting 
force, that you prevent it from falling. 
This force which you exert is equal to the 
weight of the heavy object. If you have 
understood this, and it is necessary that 
you should, you will never confuse mass 
and weight, for while mass is the 
amount of stuff in a body, its 
weight is the force with which the 
thing tries to get to the earth. 

The Pull of the Earth.— Gravi- 
tation. — Experiments and observations 
made by Newton led him to the conclusion 
that it was the rule of nature for every material body to attract 
every other similar body, and that this force of attraction is pro- 




Fig. 33.— The iron weight 
may be made to appear 
heavier by a magnet, 
but the mass does not 
change. 
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portional to the masses of the bodies ; a large mass exerts a greater 
iioire of attraction than a small mass. But the farther these 
bodies are apart the less will be the attraction between them, 
though it is not less in the proportion of this distance, but in 
that of the square of the distance. This diminution of a force 
according to the inverse proportion of the square of the distance 
applies to so many cases that it ought to be clearly understood 
before going further. To give an example : two bodies of equal 
mass are one foot away from one another and attract each other 
with a certain force, call it a unit force. One body is now 
moved until its distance is two feet away from the second body ; 
what will be the force of attraction between them ? The square 
oif 2 is 2 X 2 = 4 and the inverse of 4 is J, therefore the force of 
ajttraction is cine quarter of the unit force. In the same way, if the 
bodies were tjiree feet apart, the force of attraction would be ^ 
oif the unit foif<:e. Putting Newton's law together it stands thus : 
Every body; in nature attracts every other body with 
a; force directly jproportional to the product of their 
masses and inversely proportional to the square of 
the distance between the bodies ; and the direction of 
the force is in the line joining the centres of the bodies. 

Returning to the case of the falling body, think of a cricket 
ball on the top of a house. The earth attracts the ball, and,' by 
Newton's law, the ball attracts the earth. The ball, if free to 
mqive,^ falls to the earth ; to be correct, however, we must think 
of tljie ball and the earth moving to meet one another along the 
line joining their centres. But the ball moves as much farther 
than the earth as the earth's mass is greater than the ball's ; 
and for practical purposes this is the same as saying that only 
the ball moves, and that the earth remains still. Were our 
methods of measurement sufficiently refined we should, of 
course, be able to measure the small amount of the earth's 
movement. ^ 

This force of attraction between all material bodies is called 
the force of gravity, but we miist point out that this is only a 
name. Calling this force " gravity," and the rule according to 
which it acts the " law of gravity," does not teach us anything 
about the nature of the force itself. There is, however, no doubt 
about the reality of the attraction which bodies exert upon one 
another. So long ago as 1798 Cavendish measured the force of 
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attraction between two lead balls, and his experiments have 
been repeated by a number of other investigators. 

The Weight of a given Mass may vary from place to 
pliaoe. — Bearing the definition of weight in mind, it will be 

clear from Newton's law of gravitation that since a mass is 
farther away from the earth (which acts exactly as if its whole 
mass were collected at its centre) when it is up in a balloon 
than when at the sea-level, the weight of this mass ought to be 
more at the sea-level, for it is there nearer the centre than when 
up in a balloon. This is found to be the case, but to actually 
demonstrate the difference in weight we must measure the 
weight by a spring balance as in Experiment 35 {e). 

Similarly, because the earth is not a perfect sphere, but is 
flattened at the poles, points at the surface of the earth in the 
region of the tropics are at a greater distance from the centre 
than points in the neighbourhood of the poles. Consequently, 
the weight of a mass situated on the earth in the tropics should 
be less than the weight it would have if it were moved into the 
polar regions. This has been found to be the case. 

The rotation of the earth is anbther disturbing influence. 
While places on the equator are carried round >with a velocity 
of over a thousand miles an hour, those near the poles have but 
a very small velocity of rotation, while the pole itself is at rest. 
It is clear that if we consider a mass at the equator its tendency 
is to obey the first law of motion (p. 96), and to fly off" at a 
tangent, and part of the force of gravitation is expended in pre- 
venting this flight— the remainder of the force of gravity is 
operative as the weight of the. mass under consideration. At 
the pole there is no tendency to move off tangentially, and the 
whole of the force of gravitation is felt as the weight of the 
body. For this reason alone the mass would weigh less at the 
equator. At places intermediate between the poles and the 
equator the diminution in the weight of the body, or the diminu- 
tion in the acceleration due to gravity, is less ; it diminishes as 
the nearness to the pole is increased. 

Mea.surement of Mass. — Just as in measuring lengths 
we found it was necessary to have a standard with which to 
compare, so in measuring mass we must also have a standard or 
unit. Then we can say how many times the mass of a given 
body is greater or smaller than our unit. In this country the 
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standard of mass is the amount of matter in a lump of platinum 
which is kept with the standard yard at the Standards Office. 
This lump of platinum is called the imperial standard pound 
avoirdupois (Fig. 34). The divisions, etc., of the imperial 
pound you have already learnt in your arithmetic lessons, under 
the name of " avoirdupois weight." 

A mass of i lb. avoirdupois is kept at a weights and measures 
office in every city, so as to test the lb. "weights" used by trades- 



FiG. 34.— Exact size and shape of the British standard pound, made of platinum. 
From Aldous s Course of Physics, (Macmillan.) 



men, and see whether they really have the mass of i lb. or are 
too light. 

AVOIRDUPOIS WEIGHT.i 

16 drams make i ounce. 
16 ounces „ i pound. 

28 pounds „ I quarter. 

4 quarters „ i hundredweight. 

20 hundredweights „ i ton. 

i Remember this is a wrong use of the word. What ought it to be 7 
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The Kilogram and Gram.— The standard of mass which 
is adopted in France, and in other countries where they use the 
metric system, is called the kilogram. The kilogram is the 
amount of matter in a lump of platinum which is kept in safety 
at Paris. It is bigger than the British pound ; indeed it is equal 
to about two and one-fifth of these pounds. It is very interesting 
to know how the mass of a kilogram was obtained. It was 
agreed to give the name gram, to the mass of water which a 
little vessel holding one cubic centimetre would contain.^ The 
lump of platinum was made equal to the mass of one thousand 
cubic centimetres of water ; it would therefore have the same 
mass as one thousand cubic centimetres of water, or, as you 
know this amount is called, a litre of water. The names used 
for the divisions, etc., of the gram are obtained in the same way 
as in the case of the metre, thus ; 

Metric Measurement of Masses. 

10 milligrams = i centigram. 10 grams = i dekagram, 

10 centigrams = i decigram. 10 dekagrams = i hektogram 
10 decigrams = i gram. 10 hektograms = i kilogram. 

Relation between British and Metric Units of Mass :— 



Metric to British. 


I decigram 


= 1*5432 grains. 


I gram 


= 15*4323 grains. 


I dekagram 


= 0*3215 oz.Av. 


I hektogram 


= 3-2574 oz. Av. 


I kilogram 


= 2*2046 lbs. Av, 


British to Metric. 


I grain = 


0*648 decigram. 


I oz. Tr, = 


3*1103 dekagrams. 


I oz. Av. = 


2835 dekagrams. 


I lb, Av, = 


0*4563 kilogram. 



1 The temperature being 4" C. But it is unnecessary at this stage to consider why 
the temperature must be mentioned. 
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How to remember Metric Mea43ures.— As we have 
now described the metric measures of length, volume, and 
mass, this is the place to explain how they can all be easily 
remembered. 



Fig. 35. — Exact size and shape of the metric standard of mass — the kilogram — mad^ 
of platinum. From AldoMs's Course 0/ PAystcs. (Macmillan.) 

You should bear in mind that in metric measures. 



milli- 


medns thousandth. 


centi- 


?> • 


hundredth. . 


deci- 


>> 


tenth. 


deka- 


»> 


ten times. 


hekto- 


)> 


a hundred times. 


kilo- 


»» 


a thousand times. 



By putting these words in front of the word metre, litre, and 

' Digitized by VjOOQIC 



Ill 



MASS AND WEIGHT 



47 



gram, all the metric measures of length, volume, and mass are 
obtained, as shown in the following table : 





Length. 


Volume. 


Mass. 


nnnr 


Milli-metre 


Milli-litre 


Milli-gram 


T^ir 


Centi-metre 


Centi-litre 


Centi-gram 


^u 


Deci-metre 


Deci-litre 


Deci-grim 


I 


Metre 


Litre 


Gram 


. lo 


Deka metre 


Deka-litre 


Deka-gram 


lOO 


Hekto-metre 


Hekto-litre 


Hekto-gram 


lOOO 


Kilo-metre 


Kilo-litre 


Kilo-gram 



You see from this that what you have learnt to call the metric 
system of weights and measures is much simpler than ours, and 
the children in, countries where it is ufeed have not to learn so 
many different tables as they hkve in England when they begin 
" weights and measures " sums. . 

The Principle of the Balanbe. 

EXPERIMENTAL WORK. 

. 37. T^e Principle of the Balance. — {a) Balance a light stiff lath upon 
an edge of a triangular block, or better, make a hole through a point 



1 1 1 1 n 1 1 1 1 iTi 1 1 1 




^/CTTTIT 




Fig. 36. — Equal masses balanced. 



Fig. 37. — Unequal masses balanced. 



above its centre so that the lath will turn easily upon a stout nail fixed in 
a wall or blackboard. Hang a mass by means of a piece of thread upon 
the lath at any convenient distance on one side of the pivot, or fulcrum, 
as it is termed, and balance it with a mass of the same amount on the 
other side. The distance of the masses from the fulcrum will be found 
the same in each case, 

{b) Using the same lath supported on the nail at its middle point, hang 
over it, at equal distances from the support, two pans (which you can 
make out of pill boxes and cotton), one on each side of the support: 
Put a mass of 20 grams in one pan and ascertain how many grams must 
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be put into the other in order that the lath may remain horizontal, or as 
we say, be in equilibrium. It is found that wken the pans are at equal 
distances from the support there is equilibrium when the masses are 
equal. 

{c) Repeat the last experiment, but while keeping the pan with the 20 
grams in it in the same position, shift the other pan and find how many 
grams must be put into it to bring about equilibrium. Do this with 
the movable pan in a variety of positions and show that when the lath 
is balanced. 



Mass on 



Distance 



Mass on 



Distance 



one side from fulcrum other side from fulcrum, 

38. The Balance, — {a) Uncover the balance and identify the different 
parts by reference to Fig. 38, Raise the beam, AB, of the balance, off 




Fig. 38.— The Students' Balance. 



the supports by turning the handle C. Notice whether the pointer F 
swings equally on both sides of the middle of the scale G : if it does the 
balance is ready for use ; but if not, let down the beam and turn the 
small screw at B, then try again. Repeat this adjustment until the 
swings to right and left are equal. 

{b) Put some shot in a watch-glass, and place it in the left-hand pan ^ 
E, of the balance. Examine your box of weights, and, selecting a weight 
which you estimate to be about the same as the shot, take hold of it 
with the forceps and place it in the right-hand pan (the weights should 
always be placed in this pan). Now slightly raise the beam to see 
whether the estimated weight is nearly equal to the mass of the shot. 
If the weight appears a little below what is wanted, pick up, with the 
forceps, the next heaviest weight in the box, and try it in the pan with 
the other. If the two together are too heavy, take out the smaller 
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weight and put in the one below it, and so on, adding one weight after 
the other, witk<mt missing any, until you find the correct weight* 
When you have completed the weighing, write down and add up the 
weights that are missing from their places, and check the figures as you 
put each weight back in its place. 

{c) To become familiar with the process of weighing, find the mass of 
half-a-crown, a shilling, and other suitable bodies. 

{d) Find the mass in grams, &c., of an ounce weight. 

Masses are determined by means of the Balance.-- 

Though the reader may have seen the spring balance in use 
among hawkers in the country, it is not in very common 
use. The instrument generally used for the purpose of esti- 
mating masses is the balance or pair of scales. This simple 
apparatus is best understood with the help of the simple 




Fig. 39.— a simple balance, or pair of scales. 

experiments you have performed and which have taught you 
that when equal masses are hung from points on a lath sup- 
ported at its centre, then, when the lath is at rest in a horizontal 
position, or is in a condition of equilibrium, the distance of the 
masses from the fulcrum or pivot will be found the same in each 
case. Similarly, when the pans are at equal distances from the 
supports there is equilibrium only when the masses are equal. 
When unequal masses are at different distances from the 
fulcrum, there is equilibrium only when 

Mass on Distance __ Mass on Distance 

one side from fulcrum other side from fulcrum. 

The Balance. — The form of balance shown in Fig. 39 is 
evidently similar in principle to the supported lath with pill 
Ex. Sc— I. E 
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boxes. This kind of balance is good enough for ordinary pur- 
poses, but when exact weighings are wanted, a better form, such 
as that already described (Fig. 38) is used. All the parts in this 
balance are very carefully made, and the greatest possible pains 
are taken to have very delicate supports and accurate adjust- 
ments. Instead of the wooden lath described just now, a brass 
beam is employed. This is supported at its middle line on 
a knife edge of hard steel, which, when the balance is in use, 
rests on a true surface of similar steel. The hooks to which the 
pans are attached are likewise provided with a v-shaped groove 
of hard steel, which also, when the balance is in use, rests upon 
knife edges on the upper parts of the beam. To the middle of 
the beam is attached a pointer, the end of which moves in 
front of an ivory scale, fixed at the bottom of the upright 
which carries the beam. When not in use, the beam and hooks 
are lifted off the knife edges by turning a handle. 

The Weight of a Body is not determined by an 
ordinary Balance.— The spring balance and not a pair of 
scales, must be used to determine the weight of a mass at any 
place, because by means of the latter apparatus all we do is to 
make a comparison between the weight of an unknown and that 
of a known mass. Though the weight of the known mass (say 
the 50 gram weight out of the box) varies from place to place, 
its mass remains constant, and what we determine when we 
effect a weighing with the balance is the mass of the body 
experimented upon. If we could attach the 50 gram weight to 
a very sensitive spring balance and carry it from the equator to 
the pole, we should find, as we have already stated, that its weight 
as recorded by the spring balance would vary continuously. 
We can thus estimate the equality of masses by the equality 
of their weights ; the weight of the body the mass of which is 
to be determined must, when the balance is in equilibrium, be 
equal to that of the known mass, and consequently we can argue 
that their masses are equal. By the balance we measure 
the mass of a body, whereas a spring balance enables 
US to determine its weight at a given place. 
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Chief Points of Chapter III. 

is the amount of matter in a body, its weight is the force 

with which the thing tries to get to the earth. The weight of a given 
mass varies from place to place. 

The Imperial Standard Pound Avoirdupois is the amount of matter 
contained in a lump of platinum of a certain size which is kept at the 
Exchequer Chambers. 

The metric standard of mass used in scientific work is the Oram ; 
but in everyday use the kilogram, which is equal to a thousand grams, 
is employed. 

A Gram is the mass of pure water which will exactly fill a cubic 
centimetre at a temperature of 4** C. • 

The same prefixes are used to designate the multiples and sub- 
multiples of the gram as are used in the c?ise of the metre. 

I gram =15*4 grains; I kilogram = 2*i lbs. Av. ; i lb. A^.= 0*46 
kilogram. . - 

Masses are determined by means of the Balance.— It is found that 
when the pans of the balance ^re at equal distances from the support, 
there is equilibrium when the masses are equal. 

.The weight of a" body is not determined, by an ordinary balanqe, 
^y the balance we measure the mass of a body, whereas a spring balance 
enables us to determine its weight at a given place. 

Questions on CnAPTEk' III. 

1. Define the' mass and weight oi a material body, carefiilly distin- 
guishing between the terms. 

2. Give the British and metric measures of mass. 

3'. State Newton's law of gravitittion, explaining clearly the rule of 
fhverse squares. ' / . ' 

^^ '4: What is a spring balance and what cart be- inejist^ed with it ? 

5. Explain fully what different readings, if any^ are giVen by a spring 
baUince iti the following circumstances arid account for them as far 
as you can : " , 

^ (fl) When a spring balance carrying a given mass fs taken from thi 
•equator tb the north pole. 

{b) When the same balance is carried down a deep mine. 
' ' {c) When the balance is taken to the summit of a high mountain. 

6. Describe an instrument for determining the mass of a material body 
and explain how it is used. 

7. What particulars about a given mass could you determine (fl) by 
using a spring balance, [b\ by means of a pair of scales ? 
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CHAPTER IV 

DENSITY AND ITS MEASUREMENT 

Meaning of Density, 

RXPERIMENTAL WORK. 

39. Meaning of Density, — [a) Determine, by means of a balance, 
the mass of each of the cubic centimetre solids supplied, and record the 
results thus : 

Grams. 

Mass of the cubic centimetre of wood (oak) = 0*82 = ^ 

„ lead = 11-35 = "A 

» » » cork = 0-24 = A 

„ „ „ marble = 2*84 = 2^ 

(3) Q>unterp(Mse two small bottles of the same size. Fill one with 
water and the other with methylated spirit. Notice that the bottle of 
water is heavier than the bottle of spirit, though the volume of each 
liquid is the same. 

{c) Place a glass vessel in one pan of the balance, and counterpoise 
it with shot or small nails in the other pan. Measure out 100 cubic centi- 
metres of water into the glass vessel, and find the mass of the water in 
grams. Determine the mass of one cubic centimetre by dividing this 
number by 100. It will be found that the mass of one cubic centimetre 
is one gram very nearly. It would be exactly if the water were at a 
certain temperature. 

{d) A convenient way to add or take away small quantities of liquid is 
by means of a pipette, used as shown in Fig. 40. 

(^) Counterpoise a pint measure or bottle with some sheet lead. Fill 
the bottle with water, and place metal weights in the opposite pan to 
balance it. Notice that the size of the metal is much less than the size 
of the pint of water (Fig. 41). 

The Meaning of Density.— If different solids are obtained 
01 the same size or volume, every one knows they will have 

52 
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different masses. Suppose, for instance, we determine the mass 
of a cubic centimetre of wood, lead, cork, and marble, one after 
the other. The lead will be found to have 
the greatest mass, or be heaviest, the marble 
will come next, and then will follow the wood 
and cork in this order. We thus find that 
equal volumes of these different solids have 
different masses. 

By filling two bottles of the same size with 
different liquids, it can also be shown that 
equal volumes of different liquids have di£* 
ferent masses (Fig. 42). And when differ- 
ent gases are compared in the same way, 
equal volumes of these, too, are found to 
have different masses. 

Or, if we compare the size of a pint of 
water with that of one and a quarter pounds 
of iron, we find that, though as shown by 
weighing the masses of these things are 
equal, yet their sizes are very unequal. 
Hence we may say that equal masses of iron 
and water have very different sizes. 

Two facts which should never be for- 
-Use of a pipette, gotten are taught by experiments of this 
kind. They are ; ^ 

1. Lumps of different substances Y 
of the same size or volume may 
have unequal masses. 

2. Lumps of different substances 
which have equal masses may have 
very different sizes or volumes. 

It is usual to speak of these facts 
by saying that things have different 
densities. Referring again to an 
example we have already used, a 
pound of feathers or cotton- wool 
has exactly the same mass as a 
pound of lead, but, as you know, 
both the feathers and cotton-wool take up much more room, 
or have a larger volume, than the piece of lead (Fig. 43). The 




Fig. 40.- 





FlG. 



41.— The mass of a pint of 
Water is a pound and a quarter. 
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matter in : the lead must be packed more closely than in the 
cotton-wool, which accounts for it taking up less room. The 
shortest way of saying all this, and the way in which you must 
express it for the future, is to say that lead is denser than 
either cotton-wool or feathers. 

If the size of a thing the mass of which is great is very little, 
then it is called a dense thing, or is said to have a high den- 
sity. If, on the other hand, the size of a thing is very great 
And its mass very small, it is said to have a low density. 
Lead is a substance with a high density, because, as you know, 
a small piece of it has a large mass. Pith and cork, on the 




Fig. 42.— Equal volumes may have 
unequal masses. 



Ilk OF. LEAD I >b>OF COTTONWOOL 

Fig. 43. — Unequal volumes may have 
equal masses. 



contrary, have a low density, because a very large lump of either 
of them has a small mass. 

How Densities are compared— It is easy to compare 
densities when lumps of exactly the same size are used. Since 
the volumes are the same, it is quite clear that the thing with 
the greatest mass is the densest, and that which has the smallest 
mass is the least dense, so thai; we can compare the densities of 
thjese '.things by their masses. If we arrange them in order, 
piitting^ the heaviest at the top, thus — 

lead, 
marble, 
wood, 
* cork 
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we can say that lead is denser than marble, marble than wood, 
and so on. Moreover, the densities of these things having the 
same size are in the same proportion as their masses. 

Standard of Density. — But to compare densities it is 
better to have a standard, just as we have a standard of lengthy 
the yard, with which to compare other lengths ; or a standard 
of size with which to compare other sizes. The density of 
water at a certain fixed temperature is taken as the standard; 
[This temperature is called four degrees centigrade, and written 
4°C., which you will understand after you have studied the 
thermometer.] 

The mass of one cubic centimetre of water at 4° C. is one 
gram, and its density is taken as the standard of density, and is 
called I. Similarly, a substance, the mass of a cubic centimetre 
of which is two grams, would be said to have a density of 2, for 
it must contain twice as much matter as water does, packed into 
one cubic centimetre. The mass of a cubic centimetre of quick- 
silver is 13! (13*6) grams, i,e, it contains 13I times as much 
matter in one cubic centimetre as there is in one cubic centime- 
tre of water. Its density is therefore I3f or I3'6. 

Density is the Mass of a Unit Volume of a Substance. 
It follows from this definition that if the volume of a body is 
multiplied by its density, we shall obtain its mass 
volume X density = mass 

mass 
or, density =- 



volume 

In using this relation between the volume and mass care must 
be taken to use the proper units. In all scientific work it is 
customary to adopt the cubic centimetre and gram as the units 
of volume and mass respectively. 

The ratio of the mass of any volume oi a substance to the 
mass of the same volume of water it equal to the relative 
density of the substance, or, as it is frequently called, the 
specific gravity. 

Density of Liquids. 

EXPERIMENTAL WORK. 

40. To find the Density of Liquid. — {a) Clean and dry a bottle 
having a mark across the neck. Counterpoise the bottle with a pill 
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Fig. 44. — A Bottle with a 
groove in the stopper,, for 
determining relative den- 
sity. 



box containing very small nails or lead foil. Now fill the bottle with 

water up to the mark, and find, by weighing, the mass of the water. 

Empty out the water and fill up to the 
mark with the liquid the density of which 
is required, such as methylated spirit or 
milk. As before, find by weighing the mass 
of spirit or milk in the bottle. The masses 
of ec^ual volumes of the two liquids are thus 
obtained. 

{d) Procure a small bottle, or medicine 
phial, with a glass stopper having a groove, 
made by means of a file along the part which 
fits in to the bottle (Fig. 44). 

A groove of this kind permits liquid to 
escape when the stopper is put into the neck 
of a bottle full of liquid. Use the bottle to 
determine the masses of equal volumes of 
two different liquids. 

{c) Make 
aU-tubeby 
bending a 

piece of glass tubing, or by connecting 

two pieces of tubing of equal bore with 

a piece of india-rubber. Mount upon a 

strip of board. 

Pour quicksilver into one of the 

branches of the U-tube until it reaches 

a horizontal line drawn on the board 

(Fig. 45). 

Now introduce water into one of 

the tubes, and notice that the mercury 

on which the water rests is pushed 

down ; afterwards introduce enough 

water into the other tube to bring the 

mercury back to its original level. By 

measuring you find the length of each 

column is the same. Repeat the ex- 
periment with different quantities of 

water. 

{d) Remove the water and dry the 

tubes, and see that the mercury is up 

to the mark. Nearly fill one of the 

tubes with some liquid, such as methy- 
lated spirit, and balance it with water 

introduced into the other tube. Measure 

the lengths of the columns of liquid. 
{e) Connect two glass tubes with a 

three-way tube as shown in Fig. 46. Let the lower ends of the glass 

dip into different liquids ; then apply suction to the short tube at the 

top, and when the liquids have risen to a convenient height close 



rangen 

ing columns of Liquid. Mercury 
is in the bend of the tube, up to 
the line on the upright board. 
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the clip upon the india-rubber. Measure the height of the liquid in 
each tube above the level of the liquid below. The heights are in- 
versely proportional to the densities. 

Experimental Determination of Density of 
Liquids. — Since we only have to be quite sure that the 
volume of the water and the other substance are exactly the 
same in order to compare their densities at once, it is a very 
easy matter to find the density of a liquid. All we have to do 
is to take a bottle and scratch a mark on it, and fill it up to this 
mark with the various liquids, and we shall be quite sure this 
gives us the same volume of each of the liquids. Or, we can 
completely fill a bottle with one liquid after another, and so 
obtain equal volumes of them. A convenient way to do this is 
to use a bottle like the one shown in Fig. 44 having a stopper 
with a groove cut on it, or a hole bored through it. When such 
a bottle is filled with a liquid, and the stopper is put in, some of 
the liquid passes up through the groove to make room for the 
the stopper. A bottle of this kind may be named a relative 
density bottle. 

Suppose the mass of water in a relative density bottle was 
found to be 50 grams, and the mass of the same volume of 
methylated spirit was found to be 40 grams. Then these 
numbers show the relative densities of the two liquids, and as 
we take the density of water as the standard or unit, the density 
of the spirit is equal to 40, divided by 50. It is thus seen that 
the relative density of spirit is represented by the fraction f J or 
$, which as a decimal fraction is o*8. 

The density of many liquids is greater than that of water. 
Thus, milk has a density represented by the number 1*03, or 
lyj^y, so that equal volumes of water and milk would have masses 
in the proportion of 100 to 103. In all cases, whether solids or 
liquids are used in the experiments, we can say 

_^ , . , . ^ , mass of substance 

Relative density of substance = -z -. — -. 7 — -— • 

mass of equal volume of water 

Balancing Columns of Water.— A convenient way to 
balance liquids against one another, and so compare their 
densities, is by means of a glass tube bent in the form of a U. 

When we arrange a U-tube, as in Fig 45, the mercury in the 
bend acts just like a pair of scales, and we are able to balance a 
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column of water in one of the upright arms with a column of 
the same length in the other. We are then able to argue thus : 
the columns of water are the sanie size, or have the same volume, 
and they balance one another, and consequently their masses 
must be the same ; and, finally, since 
their masses are equal and their 
volume the same, they must have 
the same density. 

Balancing Columns of Differ- 
ent Ldquids. — But suppose we put 
water in one arm of the U-tube, and 
enough methylated spirit info the 
other to make the mercury stand 
at the same height in the two 
arms. 

Here we have a different state of 
affairs. The column of spirit which 
balances the column of water will 
be the longer, hence its size or volume 
is greater, since the tubes are the 
same width. But because they bal- 
ance, their masses must be the same. 
Which is the denser ? Evidently the 
water is. But how much denser? 
We can, since the masses are equal, 
easily calculate this. We may say 

v>^^ *.' A •*. r • '^ length of water column 

Relative density of spirit = , — ^-j — ;: — ;— . 

length of spirit column* 

This is a very good way to compare the densities of liquids. 
The Principle of the Mercurial Barometer. 

EXPERIMENTAL WORK. 

41. {a) Procure a barometer tube and fit a short piece of india-rubber 
tubing upon its open end. Tie the free end of the tubing to a glass tube 
about six inches long open at both ends. Rest the barometer tube with its 
closed end downwards and pour mercury into it (being careful to 
remove all air bubbles) until the liquid reaches the short tube. Then 
fix the arrangement upright as in Fig. 47. The mercury in the long 
tube will be seen to fall so as to leave a space of a few inches between 
it and the closed end. The distance between the top of the mercury 




Fig. 46. — Hare's apparatus for 
comparing the densities of liquids. 
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column in the closed tube and the surface of that in the open tube will 
be found to be about thirty inches. 

The Mercurial Barometer — The instrument 
used in the last experiment is evidently similar to 
the U-tube. Referring to Fig. 47 it is clear that 
there is a column of mercury supported by some 
means which is not at first apparent, or else the 
mercury would sink to the same level in the long 
and the short tube, for we know that liquids find 
their own level. If a hole were made in the closed 
end of the tube this would immediately happen. 
There will be no difficulty from what has been 
already said, in understanding that the column 
of mercury is kept in its position by the weight 
of the atmosphere pressing upon the surface of 
the mercury in the short open tube. The weight 
of the column of mercury and the weight of a 
column of the atmosphere with the same sectional 
area is exactly the same ; both being measured 
from the level of the mercury in the short stem of 
the apparatus shown in Fig. 47, the mercury column 
to its upper limit in the long tube, the air to its 
upper limit, which, as will be seen, is a great dis- 
tance from the surface of the earth. If for any 
reason the weight of the atmosphere becomes 
greater, the mercury will be pushed higher to pre- 
serve the balance ; if it should become less, then 
similarly the amount (Jf mercury which can be sup- 
ported will be less, and so the height of the column 
of mercury is diminished. 

The height must in every case be measured 
above the level of the mercury in the tube or cistern 
open to the atmosphere. In the arrangement 
shown in the accompanying illustration, a line is Fig. 47-.— To 
drawn at a fixed point O, and the short tube is prindpk of 
shifted up or down until the top of the mercury in '^® ^^°" 
it is on a level with the line. 

The student will now understand why it is so necessary to 
remove all the air bubbles in the last experiment. If this were 
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not done, when the tube was inverted the enclosed air would 
rise through the mercury and take up a position in the top of 
the tube above the mercury. The reading would not then be 
thirty inches, for instead of measuring the whole pressure of the 
atmosphere, what we should really be measuring would be the 
difference between the pressure of the whole atmosphere and 
that of the air enclosed in the tube. In a properly constructed 
barometer, therefore, there is nothing above the mercury in 
the tube except a little mercury vapour. 

An arrangement like that described constitutes a barometer, 
which we can define as an instniment for measuring the 
pressiire exerted by the atmosphere. 

Somid Things sink, others float in Water. 

EXPERIMENTAL WORK. 

42. Some things sink, others float in water. — Fill a fish-globe or 

finger-bowl with water, and carefully place lumps of different things, 

e.g., pieces of lead, iron, oak, pine, and 

cork, one after another, into the water. 

Observe that (i) some sink and others 

: float, (2) of those which float some sink 

j further into the water than others. Take 

\ the objects which sink in water and place 

\ them in mercury. Notice that they float. 

43. Volume of Solids which sink deter- 

'' mined by Displacement of Water. — {a) 

Partly fill a glass cylinder, divided into 

cubic centimetres (Fig. 49), and record 

Fig. 48.— When substances are the level of the water therein. Drop in 
denser than water they sink in ^ ^^^^^ centimetre lump of a solid which 
water;andxflessdense.they ^.^j^^^ ^^^ ^^^j^ read the level of the 

water; put others in in succession, re- 
cording the level of the water after each such addition. It will be found 
that the level increases by one cubic centimetre in each case. 

[Jb) Take any solid, such as a glass stopper or a marble, and place 
it gently in water contained in the graduated glass cylinder. Read 
the level of the water before and after dropping the solid in ; the 
difference between these readings will give you the volume of the 
solid in cubic centimetres. 

44. Volume of Water displaced by Solids which float.— {a) Obtain a 
rectangular rod of wood, i square cm. in section and about 15 cm. 
long, with lines around it i cm. apart. Gouge a small piece of the 
wood out of one end, and put lead into the hole ; flatten the end by 
filling in with wax. 

Put some water in the graduated jar and notice its level. Find 
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the mass of the rectangular rod, and then place it in 
the jar with the leaded end downwards. Notice how many 
cubic centimetres of the rod are immersed, and also how 
many cubic centimetres of water are displaced (Fig. 50). 
Since the mass of i cub. cm. of water is i gram, the number 
of cubic centimetres of water displaced is also the mass in 
grams of the water displaced. This mass will be found 
equal to the mass of the whole rod. 

(^) Fill the divided glass cylinder with water up to a 
certain mark. Notice the level of the water. 

Draw lines at equal distances apart across a narrow 
strip of paper and fix the paper inside a test-tube, as in 
Fig. 51, Float the test-tube in water in the graduated 
jar and put mercury or shot into it imtil a certain mark 
upon the strip of paper inside it is on a level with the 
surface of the water. Notice the number of cubic centi- 
metres of water displaced when the test-tube is thus im- 
mersed. 

Then take out the test-tube, dry it, and determine its 
mass together with the mercury it contains. The total 
mass of the test-tube and contents will be found equal to 
the mass shown by the number of cubic centimetres of 
water displaced. Repeat the experiment with the test- 
tube immersed to a different mark. 

Float the test-tube and mercury in spirits of wine and 
milk in succession. Notice that in the former case it 

sinks deeper than the mark, while in the other 
not so deep. 

{c) Place the loaded test-tube or a hydro- 
meter (i) in milk, (2) in water, (3) in a mixture 
of milk and water. Observe the depth to 
which it sinks in each case. (Fig. 52). 



Fig. 49.— a 
graduated 
glass cy- 
linder used 
in the de- 
termination 
of volumes. 




Volume of Water displaced by 
Bodies placed into it. — If we put 

p^^^^ water into a narrow glass cylinder, and 
^P^ then add lumps of material of such size 



Fig. 59— The number of and shape that they will so into the vessel 

cubic centimetres m the .. * , /- , . 1 

part of the rod under easily, we Can, by first makmg a mark on 

rnber'ofTb' c'cei^ ^^e Cylinder at the level of the water and 

metres of the water dis- then dropping in the things one at a 

***** * time, show that, no matter whether they 

sink or float, the water stands higher when the solids are in it 

than they did before. Or, as it is usually stated, the solids in 

every case displace a certain amount of water. How much 

water is thus displaced ? Evidently the amount depends upon 

the volume of the part of the solid under water. 
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How to determine the Volume of an Irregular 
Solid. — If a solid one cubic centimetre in size sinks in water it 
pushes aside one cubic centimetre of water to make room for 



i 



Fio. 51.— The? mass of the test-tube and contents 
IS equal to the mass of water displaced. 

itself. If its size is two cubic centimetres, it makes two cubic 
centimetres of water rise above the level the water had at first. 
Whatever the size of the solid it must have room, and this room is 
obtained by displacing an amountofwaterof exactly the same size. 
This is a very useful fact to remem- 
ber. For suppose you wish to find 
the volume of 
a stone hav- 
ing an irregu- 
lar shape. It 
would be 
difficult to do 
this by meas- 

u r i n g the _ ^_ 

stone, but the "^'= .=^__==:^ 

Fig. 52.— An instrument for StOne COUld ^»^' 53-— The rise of level of the 
determining the density of t 1 , • water when the stone is put in 

a liquid by flotation. *^® placeu VCi shows the volume of the stone. 

a vessel of 
water and the rise of level produced by it noticed. The 
water displaced could then be poured into a cubic 
inch box or into a cubic centimetre box, and thf? 
number of cubic inches or cubic centimetres could be thus 
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found. Or, we could get a glass measure having cubic inches or 
cubic centimetres marked upon it, and pour the displaced water 
into it. But the best plan of all is to use a vessel having cubic 
centimetres marked upon it. Water can be put in such a vessel up 
to a certain mark, and the number of cubic centimetres of water 
displaced by the solid can be seen at once by noticing the 
number of divisions between the levels of the water before and 
after the solid is put in. 

Water Dieplaoed by Solids which float— You have 
learned that a solid which sinks in water or any liquid displaces 
a volume of liquid equal to its own volume. When a solid floats, 
the case is slightly different. Part of the solid is in water and 
part out of the water, and, of course, only the part immersed is 
pushing the water aside in order to make room for itself In 
the case of a floating object, therefore, the volume 
of liquid displaced is equal to the volume of the pcirt 
of the solid below tlie surface. 

What decides the Depth at which an Object floats 
in water ?— When any object is floating in water, a certain 
volume of it is under water and a certain volume is above the 
surface. Ybu know very well that the depth at which it floats 
depends upon its heaviness, or, in more exact words, upon its 
density. A rod of heavy wood sinks deeper in water than a rod 
of light wood of the same size. The water displaced by the 
heavy wood has therefore a greater volume, and consequently a 
greater mass, than that displaced by the light wood. But there 
is one important fact which applies to both cases, and should be 
kept well in mind. It is that the mass of the water dis- 
placed by the immersed part of a floating object is 
equal to the whole mass of the object. If therefore 
you are asked how far does an object which floats sink into 
water, the answer is — it goes on sinking until it has displaced an 
amount of water the mass of which is equal to that of the whole 
mass of the floating object. 

How far will an Object sink in other Liquids in 
which it floats ? — Since the depth at which an object floats in 
water is decided by the rule we have just learnt, namely, that it 
goes on sinking until the mass of the water displaced by the 
immersed part of it is equal to the mass of the object itself, we 
have a ready way of deciding whether an object will sink further 
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in another liquid or not so far. If the liquid into which 
it is put is less dense than water, like spirits of wine, it is 
clear that to make up a given mass we shall 
want more of the liquid. Consequently, to 
make up a mass equal to the mass of the 
floating body, the* object will have to sink further 
into the spirit than into the water. If, on the other 
hand, the object is placed in a liquid such as mer- 
cury, which is denser than water, it will not sink so 
far; because it will not take so much of this denser 
liquid to have a mass equal to that of the floating 
body. 

The Lactometer.— The construction of a 
simple instrument, called the lactometer^ is based 
upon these conclusions. It is a form of hydro- 
meter employed for measuring the density of milk. 
When placed in pure milk a lactometer should 
float with the mark P (Fig. 54) on a level with the 
surface of the liquid. In a mixture of milk and 
water the lactometer floats with some other 
division level with the surface of the liquid. Thus, 
in milk 10 per cent, below the average density, the 
10 above the P mark is level with the surface. 

An experienced observer is, therefore, able from 
the readings of a lactometer to tell whether a 
sample of milk has a correct density, or whether it 
is heavier or lighter than it should be. At the 
same time it must be clearly understood that it is 
not possible to decide at once from the reading of 
a lactometer whether a sample of milk has been 

adulterated or not. There are other considerations to be taken 

into account. 




Fig. 54. — A 
hydrometer 
for determin- 
ing the qual- 
ity of milk. 
It is called a 
tactometer. 
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The Principle of Archimedes. 



EXPERIMENTAL WORK. 

45. Principle of Archimedes. — {a) Suspend a metal cube, or any other 
fairly heavy object, from a spring balance, and notice the reading of the 
balance. * This indicates the weight of the object in air. Immerse the 
cube in water, as in Fig. 55, and again notice the reading of the balance. 
It is less than before, and the loss of weight shows the buoyant power 
or upward pressure of the water. , 

{b) Find the volume of the cube, or other object used in the last experi- 
ment, by noticing the volume of the 
water it displaces in the graduated 
jar. 

Hang the object from one pan of 
the balance, as shown in Fig. 56, 
and determine its mass in grams. 
Now bring a vessel of water under 
the pan so that the object is immersed 
in it, as in Fig. 57. The pan rises. 
Put, gram weights in the pan until the 
balance sets horizontally as before. 
You thus find the apparent loss of 
mass due to the buoyancy or upward 
pressure of the water. Notice that 
the number giving this loss in grams 
is the same as that giving the volume 
of water in cubic centimetres displaced 
by the object. 

{c) If time permits, repeat the ex- 
periment with another object, and find 
again that the number giving its 
volume in cubic centimetres is the 
same as that showing the loss of 
weight (measured as before) when im- 
mersed in water. 

{d) This principle, viz., that when 
an object is immersed in water it 
experiences a loss of weight equal to 
the weight of water displaced, can 
be convincingly demonstrated as fol- 
lows : — Suspend an object from the 
left hand pan of a balance. Place in the short scale pan a small 
measuring-glass graduated in cubic centimetres. Counterpoise the 
suspended object and the measuring-glass together. Now pour water 
into a graduated jar until the jar is about two thirds full. Notice the 
level. Bring the jar under the short scale pan so that the object ?s 
immersed as in Fig. 58. Notice the amount of water displaced. Put 
water gradually into the measuring-glass by means of a pipelce. Equi- 

Ex. Sc— I. ^ 




Fig. 55. — The block weighs less when 
immersed in water than when sus- 
pended in air. 
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librium will be restored when the amount of water added is equal to the 
amount displaced. 

(e) Procure a small tin canister about half the diameter of the graduated 
jar. Put some water into the jar. Notice the level. Place the canister 
in the water and gradually put shot or small nails into it until it just 
sinks in the water when the cover is on. Pour the water displaced by 
the canister into a beaker counterpoised upon a balance ; then .take out 
the canister, wipe it, and place it in the other pan of the balance. You 
will find that the mass of the canister and shot is practically the same as 
the mass of the water displaced. 

(/) Repeat the experiment, using another liquid, such as methylated 
spirit, or turpentine, instead of water. 

Buoyancy. — Most people have noticed when in a bath that 
if there is water enough, and they take hold of no support, the 




Fig. 56.— Weighing an object in air. 



Fig. 57. — The same object weighed in water. 
Notice that weights are in the short pan 
to make up for the buoyancy of the water. 



water buoys, them up, or they experience a tendency to rise up 
through the water. It is as if the water resists being displaced 
and presses the displacing object upwards. In the case of things 
which float, such as a wooden rod or a lead pencil, you can 
easily see the results of this buoyancy which the water exerts, by 
pushing either the rod or pencil down into the water and then 
letting go, when the solid rises up through the water. Even in 
the case of bodies which sink, there is the same buoyancy on 
the part of the water, but it is not enough to float them. The 
effect which the water has upon such bodies can, however, be 
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seen in the loss of weight which they experience if they are 
weighed by a spring balance when hanging in water (Fig. 55). 

Loss of Weight of Things immersed in Water. — 
It is easy to prove by experiment that an object weighs less in 
water than out of it. If a cubic centimetre of lead, or any other 
heavy material, is hung from a spring balance and then suspended 
in water, it will be found to weigh the weight of one gram less 
in water than out. If two cubic centimetres are suspended from 
the balance, the loss of weight is the weight of two grams. In 




Fig. 58. — When an object is immersed in a liquid it experiences a loss of weight 
equal to the weight of the liquid displaced by it. 



every case the loss of weight measured in this way is equal 
to the number of cubic centimetres of the solid immersed in 
the water. The loss is thus equal to the weight of the water 
displaced. This fact brings us to a highly important conclusion, 
known after its discoverer as the Principle of Archimedes. 

The Principle of Archimedes— When a Body is 
immersed in Water it loses Weight equal to the 
Weight of the Water displaced by it.— If the body be 
immersed in any other liquid, then, the loss of weight is equal to 
the weight of an equal volume of that liquid. It does not 
matter what substance a thing is made of ; the amount of loss of 

F 2 
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weight depends upon the volume of the part immersed and not 
upon the material. 

This principle will enable you to understand many interesting 
facts. For instance, a ship made of iron, and containing all 
kinds of heavy things, is able to float in water although the 
material of which it is made is denser than water. This is 
because the ship and all its contents only weigh the same as the 
volume of the water displaced by the immersed part of the hull. 
Or, the ship as a whole weighs less than a quantity of water the 
same size as the ship would weigh. 

Now, too, we can see why some solids float and some sink. 
When an object weighs more than an equal volume of water it 
sinks. When an object weighs less than an equal volume of 
water it floats. When an object weighs the same as an equal 
volume of water it remains suspended in the water. 

A balloon rises in the air because the gas in the balloon, 
together with the bag and tackle, weighs less than an equal 
volume of air. If the balloon were free to ascend it would rise 
to a height where its weight would be equal to the weight of an 
equal volume of air. 

Relative Density of Solids. 

EXPERIMENTAL WORK. 

46. Determination of Density of Solids. — (<3) Suspend the solid the 
density of which you are going to determine, to one side of the balance, 
letting it hang in an empty beaker standing upon a platform, H, H, as 
shown in Fig. 59. By weighing find the mass of the object. Then 
pour water into the beaker, and find the apf)arent mass of the object 
when immersed in water. By subtracting the number thus found from 
the mass of the object in air, determine the loss in weight of the solid 
when suspended in water. 

{b) Another plan of determining the apparent mass of an object in 
water was explained in the last section (Fig. 57). 

This loss of weight equals the weight of a volume of water equal to 
the volume of the solid. We can therefore write : 

_, , . , . ^ . , Weight of the solid in air 

Relative density of solid = fr~T r — • i.. • ~ *" • 

^ Its loss of weight in water 

How the Relative Density of a Solid is determined- 

—Until the Principle of Archimedes has been studied, it is not 
possible to understand the steps by which the relative density 
of a solid is obtained. But now that you have found out that 
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when a body is immersed in water it loses weight equal to the 
weight of the water displaced by it, you are in possession of 
all the information necessary for determining the density of a 
solid compared with water. 
All we want to knew is : 

1. The mass of the object ; this we can determine by 

weighing it in air. 

2. The mass of an equal volume of water. 

And the Principle of Archimedes enables this to be done in 
the following manner : 

The object is suspended by means of a fine thread, from one 



Fig. 59. — How to find the weight of an object suspended in water. 

side of the beam of a balance in such a way that it is completely 
immersed in water. Then by weighing it is found that the mass 
appears less than when hanging in air. This is because it loses 
weight in the water. The buoyancy of the water acting upwards 
overcomes part of the pull of the earth downwards. The 
difference in the mass of the object in air and its apparent mass 
when immersed in water gives the mass of a volume of water 
equal to the volume of the object. From these numbers the 
density of the solid compared with water as a standard can be 
at once calculated. 
Relative density of the^l _ Mass of the object i n air 

solid J Mass of an equal volume of water 
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Another way to find the Mass of an Equal Volume 
of Water. — ^To find the mass of an equal volume of water, 
the object could be placed in a graduated jar and the amount of 
water displaced could be taken out and its mass determined by 
weighing. Or, if the number of cubic centimetres of water 
displaced is observed, the same number shows the mass of the 
displaced water in grams. 

Example. — A piece of lead was found to have a mass of 
I GO grams in air, and when suspended in water its mass 
appeared to be 90 grams. What is its density compared with 
water ? 

What must be done with the^e numbers to find out the density 
of the lead compared with water ? We want to know two facts, 
— first, the weight of the object in air. The mass is found by 
weighing, and the weight is directly proportional to. this. 
Secondly, we want to know the loss of weight in water, as this 
gives the weight of an equal volume of water. The loss of 
weight is obtained by subtraction, thus : 

T r • i-x The weight of \ / The weight, or its 

Loss of weight =.,,? - \ -i , ^'. 

® the lead m airj lapparent mass, m water 

= weight of 1 00 grams - weight of 90 grams 
= weight of lo grams. 

•*. Density of the lead = — = io. 

Since the density of this piece of lead is lo, one cubic 
centimetre of it will have a weight equal to that of 10 grams. 
What is the volume of the piece of lead used in the example ? 
Evidently, since its weight is equal to that of 100 grams, its 
volume must be ten cubic centimetres. 

Chief Points of Chapter IV. 

Density.— Equal volumes of different substances have different 
masses. 

Relative density or specific gravity is the ratio of the mass of any 
volume of a substance to the mass of an equal volume of water. 

T, , . J . mass of substance 

Relative density 



Also, Relative density — 



mass of equal volume of water* 
weight of substance 



weight of equal volume of water* 
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Selative Density or Specific Gravity Bottle.— This is a small glass 
flask holding about 50 grams of water. It is provided with a nicely- 
fitting groun^d stopper, which is in the form of a. tube with a very 
small hole through it. Its use depends upon the first of the preceding 
equations. 

Balancing Columns of Liquids. — The densities of two liquids balanced 
in a U-tube are in inverse proportion to the lengths of the columns. 
Or, the density of one liquid is less than the density of the other 
in proportion as its column is loiter than the balancing column of the 
other. 

^ , . , . r ,. . , ' water column 

. •. Relative density of a hqmd = r. — r^ — ;; . 

' ^ liquid column 

A Barometer is an instrument used to measure the pressure of the 
atmosphere. 

The Principle of the Action of a Mercurial Barometer.— The column 
of mercury balances a column of air extending from the surface of 
the mercury in the cup to the limits of the atmosphere. The action 
is therefore analogous to balancing columns of different liquids in a 
U-tube. 

When an object floats in a liquid, the volume of liquid displaced is 
equal to the volume of the immersed portion of the object. 

The mass of the liquid. displaced by a floating object is equal to the 
whole mass of the ohiect. 

An object which floats in water sinks deeper into a liquid which is 
less dense than water, and not so deep into one which is denser than 
water. 

Principle of Archimedes. — When a body is submerged in a liquid, 
it loses weight equal to the weight of the liquid displaced by it. 

Expressed differently, the upthrust experienced by an object in water 
is equal to the weight of the water displaced. 

The number of cubic centimetres in an object is also the number of 
cubic centimetres of water displaced by such an object when it is 
immersed in water. 



Questions on Chapter IV. 

1. Define mass, volume, and density, and state the relation that 
exists between them. 

Suppose you were given two irregular pieces of metal, one of which 
was gold and the other gilded brass. How would you find out, by a 
physical method, which piece was gold ? 

2. Explain why a ship made of iron will float in water, though iron 
itself is heavier, bulk for bulk, than water ? 

3. A number of nails are driven into a rouc^h piece of wood, one 
cubic centimetre of which weighs 0*5 gram, it is required to find 
the weight of the nails without pulling them out. How could this be 
done by experiment ? 

4. A covered tin canister having a volume of 88 cubic centimetres 
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contains just enough shot to sink it to the top of the cover when placed 

in cold water. Determine from this information — 
{a) The weight of the canister and shot : 
{d) The weight of the water displaced by the canister. 

5. Describe an experiment to show that when a solid body is immersed 
in water its apparent loss of weight is equal to the weight of the water 
it displaces. 

6. Describe the method of determining the specific gravity of a bod> 
by weighing it alternately in air and water. 

If a body weighs 14 '4 grams in air and 12 grams in water, what is its 
specific gravity ? 

7. Describe how you would measure the density of a piece of stone, 
giving a sketch of the apparatus you would employ. 

8. Describe a method of determining the specific gravity of a liquid. 

9. Explain what is meant by specific gravity. A body of specific 
gravity 5 weighs 20 grams in air; what will the body weigh when 
immersed in water ? 

10. A bottle weighs 2 ounces. When holding 3^ ounces of shot it 
will just float in water, when holding 3 ounces it will just float in oil, 
and when holding 3^ it will just float in brine. Find the specific gravity 
of the oil and the brine. 

11. A piece of metal weighs 19 J grams in air, and 17^ grams in water. 
What is its specific gravity ? 

With what apparatus and in what manner would you find the 
weight in water ? 

12. A stone, weighing in air one kilogram, is suspended by a piece 
pf cotton so that it is entirely immersed in water. On attempting to 
lift the stone out of the water the cotton breaks when the stone is 
partly out of water. Why is this ? 

If when the stone is completely immersed the cotton would bear an 
additional pull equal to the weight of '150 gfams, what volume of the 
stone will be out of the water when the cotton breaks ? 

13. Explain the statement that " the specific gravity of iron is 7-8." 
Describe one method of finding this specific gravity. 

14. About what height does the mercury column of the barometer 
generally stand ? Explain why the tube must be kept in a vertical 
position. 

What is the eff*ect of introducing two or three drops of water into 
the space above the mercury ? What of making a very small hole in 
the top of the tube ? 
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CHAPTER V 
MEASUREMENT OF TIME, VELOCITY, AND ANGLES. 

Units of Time. 

EXPERIMENTAL WORK. 

47 . The SurCs Apparent Daily Movement. — Fasten a small rod at right 
angles to a flat board. Place the board flat on a table so that the rod is 
vertical. Move a candle in a semicircle above the table, and note the 
change in the direction and length of the shadow of the rod. Compare 
the conditions of the experiment with the measurement of the solar day 
by means of a sun-dial. 

48. Measurement of Time by Pendulum. — Attach a weight to the end 
of a cord. Fix the cord in such a way that the pendulum can oscillate 
freely. Set it oscillating, and notice how long it takes for the pendulum 
to complete a given number, say twelve, swings. Keeping the cord 
exactly the same length, attach a heavier weight and repeat the experi- 
ment. The time of swing remains unaltered. Keeping any one weight, 
observe the time taken to complete twelve swings when the length of 
the cord is varied. It will be seen that the time of swing varies with 
the length of the cord. Notice also that whether the pendulum makes 
a wide oscillation or a very small one, the time taken is the same. 

49. The Seconds* Pendulum. — Vary the length of the string until there 
are thirty swings in half a minute. You have prepared a seconds* 
pendulum. Measure the distance from the point of suspension to the 
centre of the weight ; it will be found to be about 39*2 inches. 

The Earth's Rotation.— The apparent daily motion of the 
sun and stars across the sky is a direct consequence of the 
earth's rotation on its axis. The sun appears to regularly go 
through certain periodic changes of position. It rises, travels 
higher and higher into the sky, reaches its highest position, 
sinks lower and lower, and finally sets. When the sun is at its 
highest altitude on any day it is due south, and is said to south 
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or be southing. The interval of time between the sun's highest 
position on any one day to its corresponding position on the 
next succeeding day is an apparent solar day. These appa- 
rent solar days vary in length throughout the year. 

Mean Solar Day.— It has been pointed out th^t the length 
of days measured by the sun varies throughout the year, hence no 
single one of these days will do for a convenient standard of time. 
But if the lengths of all the days in the year be added together, 
or the length of a year measured by the sun be divided by the 
number of days in the year, we obtain an interval of time which 
is always the same. Such a day, which is of course an imaginary 
one, is called a mean solar day. Sometimes the mean solar 
day will be longer than the solar day, sometimes it will be shorter, 
and occasionally both days will be of exactly the same length. 
Solar time is known as apparent time^ and clock time as mean 
time. 

Units of Time.-r-The mean solar day, that is, the mean 
interval between two successive southings, or transits of the 
sun observed at any one place, is subdivided into hours, minutes, 
and seconds. 

In physical measurements the unit of time adopted is the 
mean solar second, that is, it is founded on the average time 
required by the earth to make one complete rotation on 
its axis relatively to the sun considered as a fixed point of refer- 
ence ; it is the 86,400th part of a mean solar day. 

Instruments for Measuring Time.— We need only con- 
cern ourselves with the modern contrivances for measuring time, 
viz., clocks and watches. It will be sufficient to regard these as 
instruments for measuring intervals of time in terms of the mean 
solar day to which attention has been directed. In a clock the 
rate is regulated by means of the pendulum the properties of 
which have been learnt by the experiments. 

If it were possible for the student to perform the experiment, 
it would be found that the time taken for the pendulum to 
swing backwards and forwards varies as it is taken from the 
equator to the poles, on account of the fact that the earth is not 
exactly spherical in shape. Or, putting the same fact in another 
way, in order that a pendulum may swing backwards and for- 
wards in the same interval of time, it is necessary to alter the 
length of the cord in our experiment ' as we travel from the 
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equator towards either pole. A pendulum of such a length that 
the distance from the point of suspension to the centre of the 
bob is 39*139 inches, swinging at Greenwich, completes one 
swing in a second of time. In a clock we have a mechanical 
contrivance for maintaining the swinging of a pendulum. We 
must content ourselves with referring the reader to books on 
astronomy and horology for an account of the construction of a 
clock. In watches the place of the pendulum is taken by a care- 
fully suspended balance wheel. 

Acceleration. 

EXPERIMENTAL WORK. 

50. Acceleration. — Obtain a smooth board about six feet long having a 
slight groove cut in it from one end to the other (Fig. 60). Incline the 
board slightly at one end. Place a marble or other small sphere 



Fig. 60.— a grooved board for experiments to illustrate acceleratioiT. 

near the raised end and let it roll down the board. Notice that as 
it moves how its velocity increases. To show that the space traversed 
increases every second, fit up a seconds' pendulum and set it in motion. 
Let the pendulum strike against a sheet of paper or some other object at 
the end of each swing, so that you can hear when the seconds commence. 
Now start the marble from a mark upon the board exactly when the 
pendulum taps the paper on one side. Notice how far the marble has 
rolled by the time the pendulum taps the paper on the other side. 
Make a mark at the place reached, and do the same for succeeding 
seconds until the marble rolls oft the ' board. Measure the length of 
board traversed by the marble in each second. The distances will be 
found to increase in proceeding down the board from the starting 
place. 

Definition of Motion. — The word motion is meant to con- 
vey the idea of change of place. The simplest forms of motion 
are changes in the positions of bodies with regard to one another. 
When a boy runs down the street he is in motion ; as regards the 
houses and lamp-posts he moves. To fully describe the boy's 
motion it would be necessary to know the direction in which he 



gitized by Google 



76 EXPERIMENTAL SCIENCE chap. 



is moving or the line along which he runs, and the rate or 
velocity with which he travels. 

Velocity.— Velocity is, then, the rate at which a body 
moves, or the number of units of length it moves over in a 
unit of time. Velocity may be either uniform or variable. In 
the case of our boy, if during every second through which he 
moves he travels over a line of five yards in Jength, we should 
say he had a uniform velocity of five yards a second. But 
suppose this boy does not move regularly over five yards in 
every second ; he sometimes dawdles, sometimes stops to look 
at a shop, at other times he puts on a spurt to make up for lost 
time. How should we describe his motion now ? His rate 
varies from time to time, or his velocity is variable^ and to de- 
scribe such a variable velocity it is usual to speak of the velocity 
at any instant as being a certain number of yards per second. 
Say the boy of our example, moving with a variable velocity, 
has at a given instant a velocity of eight yards per second. 
We should mean that he would, if he continued to move at the 
same rate as he had at the given instant, travel over eight yards 
in the succeeding second 

Average Velocity.— But it is sometimes better to find the 
average velocity of the moving body. Returning to our boy, 
suppose he travelled 800 yards in 400 seconds ; if we divide the 
first number by the second we obtain the boy's average rate, 
namely, two yards in a second ; this, then, is the rate with 
which he would have had to travel, if he moved uniformly, in 
order to complete his journey in the same time. 

The unit of velocity is the velocity of a point which passes 
over the unit of length in a unit of time ; it is generally taken 
as being a velocity of one foot per second. Thus a velocity of 
six means a velocity of six feet per second. 

Measurement of Uniform Linear Velocity.— It is a 
very simple matter to calculate the velocity of a body moving 
uniformly in a straight line when we know the distance it has 
travelled, measured in units of length, and the time it has taken 
to perform the journey, measured in units of time. Thus, if we 
represent the space it has passed over, measured in units of 
length, by the letter j, and the time taken, measured in units of 
time, by the letter /, all that we have to do in order to find its 
uniform velocity is to divide the number of units of length 
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passed over by the number of units of time taken to complete 
the distance. Thus : 

,^ .^ , No of units of length passed over 
Uniform velocity No. of units of time taken • 

From this equation it will be seen that space traversed (s) = 
velocity {v) x time (/). 

Example. — A train, travelling at a uniform rate, completes 
a distance of 10 miles in 15 minutes ; what is its velocity in feet 
per second ? 

Answer : 10 miles = (10 x 1,760 x 3) feet = 52,800 feet 
15 minutes = 15 x 60 secs.= 900 seconds 

.•.since v =- 

V = 5?^- =582 feet per second, 

or, the train travels at a uniform velocity of 58$ feet in every 
second. 

Acceleration. — An express train starting from a terminus 
begins to move slowly, and, as the journey proceeds, the rate of 
motion goes on increasing until it gets its full speed. A stone 
let fall from a height similarly starts from rest, and as it moves 
it goes faster and faster until brought to a standstill again on reach- 
ing the ground. Or, we might imagine a cyclist starting for a 
run, and regularly increasing his speed until he could not go any 
faster. In all these examples the velocity of the moving body 
has regularly increased and the rate at which the change has 
taken place is spoken of as acceleration. 

Acceleration is the Rate of Change of Velocity.— 
But it may be of an exactly opposite kind to the instances given 
above. Reverse each of the examples and consider what hap- 
pens. An express train going at full speed approaches a station 
and its velocity is regularly diminished until it is brought to 
rest at the platform. A stone is thrown upwards with a certain 
velocity, it moves more slowly and more slowly until it comes to 
rest, and then starts falling. A cyclist travelling at full speed 
slackens his rate regularly until he comes to a standstill. In all 
these cases we have examples of an acceleration of an exactly 
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opposite kind to the previous instances, but yet an acceleration. 
In ordinary language this kind of acceleration is given a name 
of its own, retardation. 

Measurement of Uniform Acceleration.— In measur- 
ing a regular or uniform acceleration^ we must know what addi- 
tion to or subtraction from the velocity of the moving body there 
has been during each second of its journey. Suppose there is 
an addition of one foot per second to the velocity of a moving 
body, and that it has taken one second to bring about this 
change, we should refer to this as an acceleration of one foot 
per second in a second, or one foot per second per second. An 
acceleration which increases the velocity is referred to as posi- 
tive^ while that which diminishes it is negative. The first 
examples given abbve are instances of positive acceleration, 
while when we reverse them they afford cases of negative 
acceleration. 

Unit of Acceleration.— As in every other measurement 
so, when we wish to measure accelerations, we must have a unit 
in terms of which we can express the quantity under considera- 
tion. The unit of acceleration is an increase of unit 
velocity in a unit of time ; it is generally taken as equal to 
an increase of velocity of one foot per second per second* An ac- 
celeration of two units would thus be an increase of velocity of 
two feet per second per second ; similarly, an acceleration of 
three units equals an increase of velocity of three feet per second 
per second, and so on for any number of units. 

Consequently, to find the velocity at any instant of a uniformly 
accelerated moving body, all that is necessary is to multiply the 
number of units 'of acceleration by the number of units of time 
for which it has been moving. 

Space traversed by a Body moving under the influ- 
ence of a Constant Acceleration.— The space travelled 
over by a body in one second is equal to its average velocity, 
and that travelled over in any given number of seconds is equal 
to its average velocity multiplied by that number. 

The rule for finding the space travelled in a given number of 
seconds is — multiply half the acceleration (expressed in feet per 
second per second) by the square of the number of seconds 
through which the body travels. 

By another rule the velocity of a body after it has travelled 
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over a certain distance under the influence of a uniform accelera- 
tion can be calculated. The rule is that the square of the body's 
velocity is equal to twice the product of the acceleration (in feet 
per second per second) under which it moves into the distance 
in feet it has travelled over. Proofs of these rules will be found 
in any book on dynamics or theoretical mechanics. 

EXPERIMENTAL WORK. 

51. Combifiation of Two Velocities. — Place a wide glass tube along a 
table near one edge. Let a marble roll through the tube, and as it does 
so roll the tube across. Suppose a second is taken for the tube to move 
from its first to its last position, then the positions of the marble at in- 
tervals of a tenth of a second are shown in Fig. 61, The marble enters 
at A and emerges at D ; the distance it has travelled in the direction of 
the length of the table is therefore represented by AB. The distance it 




Fig. 61. — ^To illustrate the combin.ition of two velocities, and the principle of the 
parallelogram of velocities. 

has travelled across the table is in the same way represented by AC. 
Construct a parallelogram CABD with lines proportional to CA and AB 
as sides. The diagonal AD represents the path actually traversed by 
the marble. 

Velocities and Accelerations can be completely 
represented by Straight Lines.— To completely under- 
stand a velocity all we want to know are its magnitude, or the 
distance travelled in a given time, and its direction. In the 
same way, we know all about an acceleration if we are aware 
of its magnitude and the direction of the velocity to which it 
gives rise. But, as is well known, a straight line can be drawn 
in any direction and of any length ; and we can arrange that its 
length shall contain as many inches or feet, whichever is more 
convenient, as there are feet or yards per second of velocity, 
depending on the way in which we decide to measure our velo- 
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cities. We can therefore completely represent velocities by 
straight lines. 

Composition of Velocities.— Think of the case of a 
marble moving along a tube with a uniform velocity, when 
the tube itself is all the time being uniformly moved across a 
table. It is evident that since the marble is in the tube it must 
have the same velocity across the table that the tube has ; and 
at the same time it moves along the tube, that is, in a direction 
at right angles to its former velocity. It has two independent 
velocities. Similarly, we can think of a ship sailing across the 
ocean with a man on deck walking from one side of the ship to 
the other. The man has two velocities. He is moving onwards 
with the ship at a certain velocity and at the same time he is 
moving across the ship with another velocity. 

But yet a body can only movs at any instant in one direction 
with one definite velocity. How, 
then, shall we find the actual 
velocity at any instant in the case 
of the marble or of the man ? The 
velocity which we want to find is 
called the resultant of the two 
independent velocities, which are 
^* Veiocfties?^^"^ ° themselves spoken of as com- 

ponents. If the two velocities 
have the same direction, all we have to do is to add 
them to obtain the resultant, or if they are in opposite 
directions along the same straight line we subtract them. 
If they have directions which make an angle with one 
another, it is clear that the resultant must be somejvhere 
between. Referring to the case of the marble, let OA (Fig. 
62) represent by its length the number of inches the marble 
moves along the tube in a second, and OB the distance moved 
by the tube, and consequently by the marble in the same time 
across the table. The arrows give the direction of the move- 
ment. Draw BR parallel to OA and AR parallel to OB, thus 
completing the parallelogram, then the line OR represents the 
resultant velocity, both in magnitude and direction. In just the 
same way OA could stand for the ship's velocity and OB 
for the man's, then OR would represent the direction and 
magnitude of the man's actual velocity. This principle is 
called the Parallelogram of Velocities. The same 
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method can be used to represent two accelerations and their 
resultant. 

Measurement of Angles. 

EXPERIMENTAL WORK. 

52. Meaning of an Angle.~{a) Procure a pair of dividing compasses 
and hold one leg in a fixed position. Gradually move the other round, 
and notice that the inclination of the movable leg to the fixed one 
regularly increases, or the angle between ihem becomes greater.- When 
the moving leg has been 
moved completely round it 
has described a circle, 

{b) Draw a large circle 
upon a sheet of cardboard, 
and divide it into 360 equal 
parts. Cut two narrow strips 
of card of a length slightly 
greater than the radius of 
the circle, and pin one end 
of each to the centre of the 
circle (Fig. 63). Show, by 
placing the strips at different 
inclinations to one another, 
the meaning of angular 
measurement, and the sizes 
of angles of, say, 30°, 60**, 
90", 120", &c. 

{e) Examine a protractor. 
By its means measure and 
mark the value in degrees of 
each of the angles of a pair 
of set squares. 

{d) Construct an equilateral triangle (Euclid I., i). Using the pro- 
tractor, measure and record the number of degrees in each of its angles. 

Definition of an Angle. — Up to this stage we have 
referred only to linear measures, and how with these area and 
volume can be estimated. We must now deal with angles. An 
angle may be defined as the inclination of two lines which 
meet together but are not in the same straight line. 

Definition of a Circle. — The simple experiment with a pair 
of dividers, 52 {a\ leads naturally to the definition of a circle, 
and we can speak of it as a plane figure bounded by one line 
called the circumference^ and is such that all lines drawn from 
the centre of the circle to the boundary line are equal. 

From the experiment the student will at once perceive that 
Ex. Sc— L G 




Fig. 63. — Divided circle and movable hands 
to illustrate the measurement of angles. 
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the moving leg remains the same length during its revolution, 
and that its point marks out a continuous line which encloses a 
figure of the nature described in the above definition. 

Definition of a Plane.— We have spoken of the circle as 
a " plane " figure, i,e.^ one lying in the same plane. A plane is a 
surface, e.g.^ the surface of the page on which this is printed is 
a plane surface. Such a plane has length and breadth but no 
thickness^ and is such that any two points being taken in it the 
straight line between them lies wholly in that plane. 



Fig. 64. — The size of an angle does not depend upon the size of the circle upon 
which it is marked. All circles contain 360°. 

Unit of Angular Measurement.— The general plan 
adopted in measuring angles is to divide a circle into 360 equal 
parts, and to call each part a degree (1°). Thus, a movable 
hand pivoted at the centre of a circle has traced out an angle 
of one degree when it has gone round 3 J^fth part of a complete 
revolution. When it has performed one quarter of its journey 
round, it has made an angle of ninety degrees, or a right angle^ 
as it is called. 

The minute hand of a watch or clock moves through 360 
degrees in an hour, or ninety degrees in every quarter of an 
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hour, and this is true whatever the size of the timepiece. This 
reveals a very important fact, viz., that the size of an angle is 
quite independent of the length of the lines between which it is 
contained or the artns of the angle. All circles contain 360 
degrees, Fig. 64. All right angles contain ninety degrees, so 
there are four right angles to every circle. In accurate 
measurement parts of a degree are measured, and the sub- 
divisions used are that one degree equals sixty minutes, and 
one minute (i') equals sixty seconds (60"). 



Chief Points of Chapter V. 

The Solar Day is the interval of time between the sun's highest 
position on any one day to its corresponding position on the 'next 
succeeding day. 

The Mean Solar Day is the quotient obtained by dividing the length 
of the year measured by the sun by the number of days in the year. Or, 
it is the average of the lengths of all the solar days in the year. 

Units of Time. — In physical measurements the unit of time adopted 
is jthe mean solar second, that is, the 86,400th part of a mean solar day. 
The unit is founded on the average time required by the earth to make 
one complete rotation on its axis relatively to the sun considered as a 
fixed point of reference. 

The Velocity of a body is the rate at which it moves in unit time. 

Velocity may be either uniform or variable. When a body's velocity 

is uniform it moves over the same distance in every second. When 

the velocity is variable unequal distances are moved over in equal 

times. 

" -. .- , . No. of units of length travelled 

Uniform velocity = ^^ ;; — . -r . 

No. of units of time taken 

Acceleration is the rate of change of velocity. In measuring uniform 
acceleration we must know what addition to or subtraction from the 
velocity of the moving body there has been during each second of its 
journey. 

Velocity. 



I 



Uniform 



Variable 



Equal distances travelled 
over in equal times. 



Regular 

II 

Acceleration, 

or rate of change 

of velocity. 



Irregular 



G 2 
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The Unit of Acceleration is an increase of unit velocity in a unit of 
time. It is generally taken as equal to an increase of velocity of one 
foot per second per second. 

Jfeasnrement of Angles. One degree (i") is ^V of a right angle and 
y^ of a circle. 

60 seconds of arc (60") = I minute of arc (i'). 
60 minutes <5f arc (60') = i degree (1°). 
90 degrees = i right angle. 

4 right angles = a complete revolution. 



Questions on Chapter V. 

1. Give a definition of velocity^ and state how uniform linear velocity 
is measured. 

2. What is the difference between a solar day and a mean solar day ? 
3.* What is the common unit of time ? How is it related to the period 

of the earth's rotation ? 

4. Give a brief description of some mechanism in common use for 
measuring time. 

5. What is the difference between uniform and variable velocities ? 
How are uniform linear velocities measured ? 

6. Explain how the average velocity of a body moving with a variable 
velocity is estimated. 

7. A line is drawn upon the floor of a railway carriage from door to 
door. When the carriage is at rest a ball is dropped from the roof and 
falls upon this line. What difference would be observed ; — 

{a) If the train is moving when the ball is dropped ? 
{b) If the train starts when the ball is half way down ? 
{c) If the ball is dropped when the train is in motion, but the train 
stops suddenly when it is half way down ? 

8. Define acceleration and give an example of a body movin'g with 
an accelerated velocity. 

9. How is uniform acceleration measured? Explain the difference 
between a positive and negative acceleration, giving an example of each. 

10. What is the system of angular measurement ? Draw as nearly as 
you can, by estimation, angles of 30°, 45", 60°, 90°. 

11. Explain the Parallelogram of Velocities. Describe an experiment 
which would enable you to demonstrate it to a class. 

12. A man walks backwards and forwards on the deck of a steamer 
along a line parallel to the direction in which the steamer is moving. If 
the man walks at the rate of 3*5 miles an hour, and the steamer goes 
through the water at the rate of 8*4 miles an hour, what is the velocity 
of the man with reference to the water ( i ) when he is walking towards 
the bow of the boat, and (2) when he is walking towards the stern? 

13. How is the unit of time, the second, defined? Describe how 
you would fit up an apparatus to beat seconds. 
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CHAPTER VI. 

INERTIA AND FORCE. 

Inertia. 

EXPERIMENTAL WORK. 

53. To show that a mass at rest tends to remain so. — Suspend a heavy 

mass, not less than 28 lbs, from a cord. Tie a piece of cotton or thread 

to the mass, and then attempt to move the mass by pulling the thread 

sharply to one side. The thread will break and the mass will hardly be 





Fig. 65.— Experiment to illustrate the tendency of a body to preserve its 
state of rest or motion (inertia). 

moved. The mass can, however, easily be pulled to one side if the ' 
pufiing force is gradually applied. 

54. A moving mass requires force to stop it. — Swing the heavy mass used 
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in the preceding exercise to and fro by means of a thread attached to 
it. While it is swinging away from your hand, stop your hand sud- 
denly. The thread will break and the mass will proceed on its swing. 

Newton's First Law of Motion.— Every body will 
continue in its state of rest or of uniform motion in a 
straight line, except in so faj: as it is compelled by 
impressed force to change that state. 

This statement is called a law of motion, and it will be well to 
make clear at once that a natural law is only an expression of 
what has been found to always be the rule ; it is merely setting 
down the result of experience ; and the idea of the word in its 
legal sense must be carefully excluded from the mind. Indeed 
in nearly every case, it is better to substitute, at all events in 
one's mind, the word rule. It is only a statement that certain 
things always seemed to take place ; it tells us nothing about 
why they do so ; nor is the idea of compulsion included at all, 
for oftentimes so-called "laws'' have been formulated which 
have turned out to be wrong expressions of the order of nature, 
and evidently there could be no sort of compulsion about what 
was wrong, and was seen afterwards to be contrary to the 
general rule. 

This law, which Newton first stated as being always followed 
by bodies in nature, means, first, that if a body is at rest, it will 
remain still until there is some reason for its moving — until 
some outside influence, which is called 2i force, acts upon it. In 
fact the law really supplies us with a definition of force. Nobody 
finds any difficulty in understanding the rule so far. But when 
we come to consider the second part of the law there is more 
difficulty in grasping it — every body will continue in a state of 
uniform motion in a straight line, &c. An example is afforded 
by a ball in moving uniformly along ice. We know that after a 
time the ball comes to rest and therefore that it does not con- 
tinue in a state of uniform motion. But we know that it moves 
for a longer time on ice than it would do on a road. The ice is 
smoother than the road, and there seems to be a connection 
between the roughness or smoothness and the length of time 
during which the ball moves. If we imagine smoother and 
smoother ice, the ball will move for a longer and longer time, 
and we conclude that if both the ball and the ice were perfectly 
smooth, there is no reason why the ball should ever stop. The 
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roughness or friction is then, in our example, the " impressed 
force " which causes the ball to change its state of uniform 
motion for one of rest. If we could have a body in a state of 
uniform motion outside the influence of what Newton has called 
" impressed forces '' it would afford us an example of perpetual 
motion. But because we cannot eliminate these impressed forces 
we cannot have perpetual motion. 

A material body is unable to change its condition 
of rest or of uniform motion by itself —This inability is 
termed Inertia. We become aware of the inertia of matter 
most unpleasantly if we step out of a moving train on to the 
platform ; while in the train we partook of its motion ; on step- 
ping out our feet are brought to rest suddenly, but our bodies, 
because of their inertia, continue to move with the velocity of 
the train, with the result that we fall forward on to our faces. 

Momentum. 

EXPERIMENTAL WORK. 

55. Collision of Equal Masses. — Suspend two solid balls of equal mass 
by the side of one another, so that they just touch when at rest. Place 
a metre rule on edge on the table under the balls (Fig. 66). Notice 
the positions of the balls, and 

then pull each ball to an equal 
distance from the place where 
the balls rest by means of thread 
held in the two hands. Release 
the two threads at the same 
instant. The balls will collide, 
and if they are of equal mass 
they will rebound by equal 
amounts. 

56. Momentum after collision. 
— Substitute a ball of much 
smaller mass for one of the 
balls in the preceding experi- 
ment. Pull the two balls away 
from the position of rest, so 
that the surfaces which touch 

one another are at equal dis- Fig, 66.— Apparatus to illustrate momentum 

tances from this position. Then ^"^ »°*P^^ 

release the balls simultaneously 

and observe the rebound. The two balls were at equal distances from 

their position of rest and are suspended from strings of equal length ? 

therefore their velocities when they meet are equal. The smaller mass 
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has less momentum than the larger before the two meet, but the 
momentum after collision is the same for each mass; therefore the 
small mass is given a velocity of rebound as many times greater 
than the velocity of the large mass as this mass is greater than the 
smaller one. 

Definitionof Force.— Newton's first law enables force to 
be defined. Force is that which produces^ or tends to produce^ 
motion in matter j or alters^ or tends to alter^ the existing motion 
of matter. Here again it must be clearly understood that by 
defining force we do not get to know anything more about it. 
Nobody can tell what force is. All we can know are the effects 
produced by a something we call force. 

Momentuin.— The momentum of a body is the 
quantity of motion it has and is equal to the product 
of its mass and its velocity. 

Expressed as an equation we have 

Momentum = mass x velocity, 

The unit of momentum is consequently that of a unit of mass 
moving with a unit of velocity, or if the unit mass be. that of the 
imperial standard pound, the unit of momentum is the 
quantity of motion in a mass of one pound moving 
with a velocity of one foot per second. The meaning 
of momentum will be better grasped after a concrete example. 

Suppose a shot fired from a cannon, the momentum generated 
in both the cannon and the shot will be the same ; but since 
the mass of the cannon is immensely greater than that of the 
shot, it will be evident that the velocity of the shot must be cor- 
respondingly greater than that of the cannon in order that the 
product of the two quantities may be the same. This we know 
is the case, the velocity of the "kick" or "recoil " of the cannon 
is very much less than the velocity with which the shot is sent 
on its journey. » 

Example.— A cannon weighing lo tons fires a shot weighing 
28 lbs. The shot leaves the gun with a velocity of 200 feet per 
second. With what velocity would the cannon recoil if it were 
free to move ? 

Mass of cannon = 10 tons = 22,400 lbs. 
Velocity of recoil — v—t 
Mass of shot = 28 lbs. 
Velocity of shot = 200 feet per second. 
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We know that 

Momentum of cannon = momentum of shot 
Or, 22,400 Y,v = 28 X 200 
Therefore v — 5,600-5-22,400 

= J foot per second. 

Force. 

EXPERIMENTAL WORK. 

57. Relation between Tension and Extension. — Clamp a thin india- 
rubber cord or a spiral spring with a wire by its side as in Fig. 67, and a 
tray suspended from the lower end. Place 10 grammes in the tray and 
measure the elongation produced by it — that is, measure the distance 
between the pin and the bottom of the wire. Place another 10 grammes 
•in the tray and again notice the extension produced. By subtracting this 
reading from the former one, you can find the extra extension produced 
by the additional 10 grammes. In the saine way, find the extension 
produced by 30 grammes, 40 grammes, and so on, up to 100 grammes, 
also determining in each case the extension for the additional 10 
grammes. Record thus — 



Load. 


Total Extension. 


Extension for 10 
grams. 









58. Representation of Forces by Lines. — Draw vertical lines to represent 
the extensions produced by the various loads, and also lines to represent 
the extension for every additional 10 grammes. As the loads represent 
forces, the lines will represent the extension produced by various forces. 

. You will find that the extensions are proportional to the forces — that is, 
double the force double the extension, and so on. The strength or 
magnitiide of a force can thus be shown by the length of a line, 

59. Parallelogram of Forces.— The following experiments illustrate 
how the directions as well as the magnitudes of forces can be represented 
by lines. 

(a) To the middle of a piece of elastic cord about six inches long 
fasten a piece of the same cord about three inches in length. From the 
point where the three cords meet measure off an equal distance, say two 
inches, and put a pin through each cord at this distance. 

Fasten the pin at each end of the six inch piece of cord upon a sheet 
of paper lying flat upon a drawing board or table. The cord should lie 
in a straight line between the pins, but it must not be stretched ( P'ig. 
68, I. ). Now pull the third cord in any direction so as to stretch the 
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Fig. 67. — Experiment to show the exten- 
sions produced by different forces. 



others as well as itself, and fasten its 
pin in the board while the cords are 
thus stretched (Fig. 68, II). Make 
a pin mark upon the paper at the 
point where the cords meet, and 
then pull the pins out of the paper 
and put them and the cords aside. 
Pin-holes will^be marked at ABCD 
in Fig. 68. Mark off two inches 
(the distance between the pins 
before the cords are stretched) 
from each of the lines, starting 
from A, B, and D respectively. 
The lengths EC, FC, and GC 
thus represent the amounts by 
which the cords have stretched. 

(d) Construct the parallelogram 
ECFH by drawing EH and FH 
parallel to CF and EC respec- 
tively. Draw the diagonal CH ; 
it will be found to have the same 
length and be in the same line as 
CG. Assuming that the exten- 
sions are proportional to the forces 
(and they practically are so in this 
case), the two sides EC, CF of the 



parallelogram represent two of the forces, both in magnitude and direc- 
tion, and the third force, which is equivalent to the other two taken 
together, is represented on the same scale by the diagonal of the 
parallelogram. ' 



D) 




D» 




Fig. 68.— a three-way elastic cord may be used to illustrate the principle of the 
parallelogram of forces. 
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(c) Repeat the experiment with the cords stretched by different 
amounts and in different directions. 

Construct a parallelogram similar to ECFH for each case. 

When the cords are arranged in any position they represent three 
forces acting upon the particle C. Since C is at rest, the force repre- 
sented by CG produces the same effect as the two forces represented by 
CE, CF taken tc^ether. If, therefore, a force equal in magnitude to 
CG, and acting in the direction CH, is substituted for CE, CF, the 
particle still remains at rest. The diagonal CH represents such a force 
lx)th in magnitude and direction. A single force which can be substi- 
tuted for two separate forces in this way is termed a resultant force. 

The following experiments 
also illustrate the principle of 
the parallelogram of forces. 

ij) Round two pulleys A and 
B, pivoted at the top comers 
of a board (Fig. 69), pass a fine 
thread to which two unequal 
masses are attached. To some 
convenient place on the thread 
hang a third mass from a thread 
as shown. Let the masses come 
to rest. It will be found that 
a parallelogram may be con- 
structed, the sides and diagonal 
of which are proportional to the 
masses used. 

(<?) Attach a scale of inches to 
the edge of a black-board. Ob- 
tain two pieces of thin india- 
rubber cord twenty inches long, 
and fasten small loops of string 
to the two ends. Pin one of these 
loops to the board so that the 
upper end of the india-rubber 
cord coincides with the zero of 

the scale. Attach the upper end of the other india-rubber cord to any 
convenient point on the board. Bring the two lower ends together and 
hook on to them a weight (say of 100 grams). Measure off twenty 
inches from the upper end of each cord. The excess of length in each 
cord will be proportional to the tension of that cord. Complete the 
parallelogram with chalk, and show that the diagonal is vertical and is 
equal to the extension of the cord when it hangs vertically by the side 
of the scale with the weight attached. 

Parallelogram of Forces. — A body can only move in one 
direction at any given moment ; but yet it can be under the 
influence of, or be acted upon by, any number of forces. The 




Fig. 69. — Experiment to illuatrate the 
parallelogram of forces. 
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question arises — How can the direction be determined in which 
a body, under the influence of several forces at the same 
moment, will move, if free to move ? 

Or, the question may be regarded in another way. How can 
we substitute a single force (called the Resultant, which will 
produce the same effect), for all the separate forces acting 
together upon a body at the same moment ? 

The simple experiments you have performed supply the 
answer to these questions. The rule to which the experiments 
have led you may be stated thus : — If two forces acting 
at a point be represented in magnitude and direction 
by the adjacent sides of a pa.rallelogram, the resultant 
of these two forces will be represented in magnitude 
and direction by that diagonal of the pa^rallelogram 
which passes through this point. 
A line may be drawn to represent graphically a force, its 
length being made proportional to 
the force, and its direction showing 
the direction of the force. Forces 
can thus be represented, both in 
magnitude and direction, by lines. 
Let O represent a material body 
_ TM- r. 11 1 r acted upon by two forces, repre- 

FiG. 70.— The Parallelogram of , f , • . , , 

Force* sented both m magnitude and 

direction by the lines OB, OA. To 

find the resultant of these two forces, both as regards its 

amount and direction, we complete the parallelogram OBRA 

and join OR, which will be the resultant required. 

Calculation of Resultant.— When the two forces of which 
the resultant is required act at right angles to one another, the 
calculation is a simple application of a proposition in the first 
book of Euclid (I. 47). In these circumstances the triangle ORA 
is right-angled, and Euclid proves that (OA)2 + (AR)2=(OR)2, 
and consequently (OA)2 + (OB)2=(OR)2, from which when OA 
and OB are known we can calculate OR. 

When the directions of the two forces OB and OA are in- 
clined to each other at an angle which is not a right angle, the 
calculation involves an elementary knowledge of trigonometry. 
This can be obviated, however, by the simple expedient of what 
is called the graphical method. This consists in drawing two 
lines inclined at the angle at which the directions of the forces 
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are inclined, and making them of such length that they contain 
as many units of length as the force does units of force. The 
parallelogram is then completed by drawing AR and B A parallel 
respectively to OB and OA and joining the diagonal OR, the 
direction of which will be that of the resultant, and its length 
will be as many units as there are units of force in the resultant 
force. 

Resolution of Forces. —A single force can be replaced by 
other forces which will together pro- 
duce the same effect Such a sub- 
stitution is called resolving the force 
or a resolution of the force. The 
parts into which it is resolved are 
spoken of as components. When 
this has been done it is clear that 
we have made the original force 
become the resultant of certain other 
forces which have replaced it. Re- 
ferring back to what has been said 
about the parallelogram of forces, it 
will be seen that any single force can 
have any two components in any 
directions we like ; for by trying, the 
student will be able to make any 
straight line become the diagonal of 
any number of different parallelo- 
grams. The most convenient com- 
ponents into which a force can be 
resolved are those the directions of 
which are at right angles to each 
other. In this method of resolution, neither component has 
any part in the other. 

An interesting example of the resolution of a force into two 
components at right angles is afforded by a pendulum. Con- 
sider a pendulu<:n at any point in its swing, as shown in Fig. 71. 
The pendulum-bob is pulled downwards in consequence of 
gravity, that is, the force of attraction between it and the earth, 
and this vertical force is represented by the line BD. The 
force can, however, be resolved into two forces, one (/) due to 
the inertia of B, or the tendency to continue in the direction BF, 




Fig. 71. — Resolution of 
Force. 
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and the other represented by BE which has no part in moving 
the pendulum, and merely causes tension in the string BC. 

A familiar example of the action of three forces in equilibrium 
is afforded by a boy flying a kite (Fig. 72). The tension in the 

string and the weight of 
the kite act downwards, 
and the wind or the 
air pressure against the 
face of the kite, gives 
rise to a force acting 
upwards. The force 
of the wind blowing 
against the face may be 
resolved into two forces, 
one acting along the 
,. . . kite and the other at 

Fig. 72. — When a kite IS at rest in the air, the re- • i. i ^ -^ ^ j 

sultant of the forces due to the tension of the Tight angles tO it, tend- 

string and the kite's weight . is equal to the Ji^p- Iq raise the kite 

resolved part of the air pressure acting at right t^ , , . 

angles to the kite. t ov the kite to remain 

at rest, the upward force 
due to wind or air pressure must be equal to the resultant AC • 
of the two forces AD, AB due to the tension in the string and 
the kite's weight. If it is greater the kite rises, and if less the 
kite falls. 

Angular Velocity. 

EXPERIMENTAL WORK. 

60. Uniform Angular Velocity. — {a) As an example of uniform angular 
velocity, consider the movements of the hands of a clock or watch. The 
ends of the second, minute hand, and hour hand move through certain 
distances upon the dial in each second. These distances differ from one 
another, but in each case equal distances are passed over every second, 
so that the point of each hand has a uniform angular velocity. 

{b) Tie a ball to one end of a piece of string ; hold the other end of the 
string in your hand, and swing the ball so that it moves around your 
hand in a circle. In this case, the tension of the string converts the 
would-be rectilinear motion of the ball into circular motion. 

{c) Attach equal short threads to the outer edge of a circular card with 
a hole in the centre. Fasten light pith balls to the free ends of the 
threads. Slip the card over the upper part of a top while spinning, and 
observe the behaviour of the balls. The disc A shown in Fig. 73 may 
be used on a whirling table instead of on a top. 

{d) Procure a circular hoop of thin steel, and support it upon an axis 
attached to a whirling table, as shown in Fig. 73. Set it spinning by 
turning the handle of the whirling table. Notice that the hoop assumes 
a more flattened form. The flattening is increased as the rate of spinning 
is made greater. 
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(g) Add a few drops of oil to a liquid in which they just float, as in 
Expt. 13 {d). By means of a glass rod set the liquid spinning, and notice 
that the drop, which was at first perfectly globular, takes the same 
flattened form when it is made to rotate. 

(/) Fasten a knitting needle with wax to the lowest point of a watch 
glass. Moisten the glass with soap solution. Slip the needle into a 
vertical hole in the central peg of a top when it is spinning at a moderate 




Fig. 73.— Apparatus to show the flattening produced by spinning a flexible Steel 
Hoop. A, cardboard disc with thread and pith balls for use in the place of the 
flexible hoop. 

rate. Blow a soap bubble on the watch glass and draw attention to the 
fact that it is flattened. 



Conversion of Rectilinear into Circular Motion. 

— It has already been explained (p. 86) that any object, once set 

in motion, moves in a straight 

line unless the action of external 

force prevents it from doing so. 

If, therefore, a body is moving 

in a curve, this is because it is 

being continually pulled out of 

its rectilinear path by some 

force. 

Let Ad (Fig. 74) represent the 
string used in Expt. 60 (d), the 
ball being at A. You will un- 
derstand from what has been 
said about the resultants of 
forces that, if there is a force 
constantly pulling in the direc- 




FiG. 74. — Application of the principle 
of the parallelogram of forces to 
explain Motion in a Circle. 
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tion of the central point dy as well as the tendency to move 
in a straight line, the ball will not arrive at O after the 
lapse of, say, a second, but at r, having travelled along the 
curved path A^r. The short line Oc thus represents the 
pull of the string, or of the central force, at d. The same 
kind of action may be considered always to go on when an 
object moves in a curve ; in other words, any small piece of the 
curve represents the resultant of two forces — one acting in the 
direction of a fixed point, and the other being the moving force 
or inertia which tends to make the object keep in a straight line. 
It can be shown that, in all cases when an object moves around 
a central point in the manner described, the pull towards the 
centre, whether it is represented by the tension of a string or by 
an attraction of some kind — is equal to the mass of the moving 
body multiplied by the square of the velocity, and dividtd by 
the distance from the centre to the object. 

An example of motion in a curve around a centre of force, and 
also of the parallelogram of forces, is afforded by the moon, 
which moves around the earth in nearly a circular path on 
account of their attraction for one another. If this attraction of 
gravitation did not exist, the moon would leave us altogether, 
just as surely as the ball whose motion is represented in Fig. 74 
would fly off in the direction ik if the string which forced it to 
move in a circular path were cut when the point / was reached. 

How Rotation has affected the Shape of the Earth. 
— A globular body flattened towards two points, situated as far 
away as possible from one another, is called an oblate-spkeroid. 
These points of flattening are called the poles^ and the line 
joining the poles is known as the axis. 

The experiments you have performed enable you to account for 
the shape of the earth. If we could be sure that the earth was 
spinning, and that the material of which it is made was at any 
time sufficiently fluid to be moulded like the drop in Expt. 60 {e\ 
we should clearly be able to say that its shape was the natural 
result of such rotation. There can be no doubt that the earth is 
so spinning. We are equally sure, also, that our planet was 
once in a fluid state. As the student will learn more fully in 
other studies, many of the rocks of which the earth is built 
provide indisputable proof of a previous liquid condition. More- 
over, the materials emitted from volcanoes during eruptions are 
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given out as liquids. When we have studied what is known of 
the sun's nature we can judge by analogy what was probably 
the original state of the earth. These and other reasons leave 
no room for doubt that the earth has taken its present shape in 
obedience to the rules regulating the behaviour of spinning 
bodies which are free to move. 

Chief Points of Chapter VI. 

Newton's First Law of Motion. — Every body will continue in its state 
of rest or of uniform motion in a straight line, except in so far as it is 
compelled by impressed force to change that state. 

In other words, all matter possesses Inertia. 

The momentum of a body is the quantity of motion it has, and is equal 
to the product of its mass and its velocity. 

The unit of momentum is the quantity of motion in a mass of one 
pound moving with a velocity of one foot per second. 

The total momentum of several moving masses remains unaltered by 
impact. 

Foroe. — When a gradual change of momentum is either produced or 
tends to be produced in a body, that body is acted on by force. 

Forces may be completely represented, both in magnitude and direc- 
tion, by straight lines. 

Parallelogram of Forces. — If two forces acting at a point be repre- 
sented in magnitude and direction by the adjacent sides of a parallelo- 
gram, the resultant of these two forces will be represented in magnitude 
and direction by that diagonal of the parallelogram which passes through 
this point. 

Besolution of Forces. — A single force can be replaced by other 
forces which will together produce the same effect. Such a substitution 
is called resolving the force, and the parts into which it is resolved are 
called components. 

Angular Velocity. — If a body moves in a circle a force must act 
towards the centre of the circle. If the force suddenly ceases to act 
the body moves on in a straight line and thus departs from the centre of 
the circle. Hence curvilinear motion is an effect due to the inertia of 
the moving body and a force which pulls the body towards the centre of 
motion. 

Questions on Chapter VI. 

r. Describe an experiment for demonstrating the principle of the 
parallelogram of forces to a class. 

A nail is driven into a wall and two strings are tied to its head. 
When the two strings are pulled horizontally and at right angles to one 
another with forces equal to 6 and ^ lbs. respectively, the nail is dis- 
lodged. What force would be needed if the strings were brought 
together and the nail pulled straight out ? Illustrate your answer with 
a diagram. 

Ex. Sc— I. H 
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2. Two forces, the magnitudes of which are proportional to the 
numbers 3 and 4, act on a point at right angles to each other. Draw a 
parallelogram as nearly to scale as you can to show the direction and 
magnitude of the resultant, and deduce by measuring your diagram, or 
in any other way, the magnitude of the resultant. 

3. What is meant by the parallelogram of forces ? Give a diagram 
to illustrate your answer. 

Describe an experiment by means of which the truth of the proposi- 
tion may be verified. 

4. Explain what is meant by angular velocity. If two precisely 
similar bodies travel with the same speed in two circular orbits, of 
which the radii are in the proportions of 3 to 4 — (i) what will be the 
ratio of the angular velocity about the centre of the larger to that about 
the centre of the smaller circle ; (2) which body is acted on by the 
greater force to retain it in its circular path ? 

5. Enunciate Newton's First Law of Motion. Explain what you 
understand by a natural law. 

6. Explain what is meant by the inertia of a material body. Give 
as many of the results of the possession of this property by a material 
body as you can. 

7. The horizontal and vertical components of a certain force are 
equal to the weights of 60 lbs. and 144 lbs. respectively. • What is the 
magnitude of the force ? 

8. State the law of gravitation, and show briefly how its action and 
the moon's inertia cause the moon to move in a nearly circular path 
around the earth. 

9. Account for the flattening of the earth at its poles. 

10. A boy flies a kite. What forces are acting on the kite when it is 
at rest in the air ? Draw a diagram to show the direction of each. 

Explain why the string must not be tied to the lower part of the 
kite. 

11. Four forces act at a point. The first of 10 lbs. acts due north, 
the second of 15 lbs. due east, the third of 20 lbs. due south, and the 
fourth of 25 lbs. due west. Find the magnitude and direction of the 
resultant. 

12. Two spring balances are attached by strings to a ring which is 
placed round a nail driven into the table, and the balances are stretched 
m directions at right angles to one another till one indicates a pull of 
16 lbs. and the other of 9 lbs. Draw a figure showing the direction 
and magnitude of a stn^/e force which would produce the same pressure 
on the nail as do the Iwo forces due to the pulls of the balances. 

How would you prove experimentally the correctness of your result ? 

13. State the "parallelogram of forces." You are provided with 
three small spring balances (sometimes called ** dynamometers "), a 
blackboard, chalk, string, &c. ; how can you verify the proposition ? 
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CHAPTER VII 

THE LEVER AND PARALLEL FORCES 

The Lever 

EXPE;RI MENTAL WORK. 

6i. Balancing Equal Masses on a Lever. — Make or obtain a lever 
consisting of a strip of light wood graduated in centimetres and having 
a thin ring screwed into one edge, above the central jjoint, and a hook 
screwed into each end (Fig. 75). Hang the lever from a nail in the 
middle ring. If it does not exactly balance, plane off a little from the 
end which sinks or slightly unscrew the hook at the end which rises 
above the horizontal, until the lever does set itself horizontally. 

Hang two pill-boxes or small linen bags by their strings from the 
lever, one on each side ot the fulcrum or pivot, at equal distances from 



Fig. 75.— a simple Lever. 

it. Into one of the b^gs place a mass of say 50 grams, and find how 
many grams you must place into the other bag in order to restore 
equilibrium. 

Repeat the experiment with the bags at a different distance. 

You will always find th^-t equilibrium is obtained when equal masses 
are at equal distances from the turning point or fulcrum. 

62. Principle of Moment^. — Place some pieces of lead in each of four 
linen bags, and adjust by means of shot or bits of lead until their masses 
are respectively 50 grams, lOO grams, 200 grams, and 300 grams. 
Place the 100 gram bag about 12 cm. from the fulcrum of the lever and 
balance it with a 50 gram bag on the other side. Record the distance 
from the fulcrum in each case. Repeat the experiment by balancing 50 
grams against 100 grams, 50 grams against 200 grams, 100 grams against 
300 grams, and other combinations. 

99 H 2 ' 
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Record your observations in columns as below : 



Left Side of Lever. 


Load X 
Distance. 


Right Side of Lever. 


Loadx 
Distance. 


Load. 


Distance 

from 
Fulcrum. 


Load. 


Disxance 

from 
Fulcrum. 



Compare the numbers in columns 3 and 6, and state in words the law 
or rule indicated by the results. 

The experiment shows you that there is a definite proportion between 
the masses on the two sides of a lever, and their distances from the 
fulcrum. The proportion is : 



Left 
load 



Right 
load 



Right 
distance 



Left 
distance 



Or, expressed in another way, the loads are inversely proportional to 
their distances from the fulcrum. 

The turning effect of any force acting upon a lever, as each mass did 
in the experiment, is termed the moment of the force. The com- 
parisons of colums 3 and 6 has shown you that the motnent or turning 
effect is measured by the product load and distance from the fulcrum. 

(b) Hang two bags on the same side of the lever at different distances 
and one bag on the other side. Move the single bag until equilibrium 
is obtained. Do this several times with the Imgs in different positions 
and compare the sum of the moments of the forces acting on one side 
with the moment of the force on the other side. 

{c) Hang a small book or a bag with shot or nails in it on one side of 
the fulcrum and the 100 gram bag from the other. Move this bag 
along the lever until equilibrium is obtained. Then remembering that 



I-<-<l.Xfromtrc?a'm= ^^^^ 



Distanceg 
from fulcruJfi 



calculate the mass of the book or bag of nails. Repeat the experi- 
ment using the 200 gram bag. 

In the preceding experiment the fulcrum has been between the forces 
acting upon the lever. The effort, exerted and the load may, however, 
both act on one side of the fulcrum. 

63. Load between Effort and Fulcrum. — Suspend the lever from 
its middle hook as before. Attach a spring balance near one end 
and suspend a load from some point between the balance and the 
fulcrum. The principle of moments applies to this case as to the others 
and you will find that 

Reading of Distance of balance — t ^i y I^istance from 
balance from fulcrum °^ fulcrum. 
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The forces acting in this experiment are the same as those called into 
play when a man lifts the handles of a wheelbarrow having a load in it. 

64 Effort betiveen Load and Fulcrum. — Suspend a load from one end 
of the lever supported upon the central hook. Attach a spring balance to 
the lever between the load and the fulcrum and hold the lever horizontal 
by means of it. Keeping the balance between the load and the fulcrum, 
show that whatever the relative distances of the two from the fulcnim 
the principle of moments holds good when the • lath is kept horizontal. 
This class of lever is similar, as regards the distribution of forces, to 
sugar-tongs and ordinary fire-tongs. 

65. The Principle of Work applied to Levers. — Hang the lever upon a 
nail on a wall, and when it is horizontal draw a line on the wall along 



<Hllllllllllg 




Fig. 76. — Principle of work illustrated by a lever. 

the upper edge. Hang the 100 gram bag from the hook at one end of 
the lever, and the 300 gram bag on the other side. Move this bag 
until it counterpoises the other. Now turn the lever so that the 
point from which the 300 gram bag is suspended moves through 4 or 5 
cm. from B \.ob (you can measure this distance by means of compasses). 
Also measure the distance Cc through which the end of the long arm 
moves. Compare the small with the larger value in each measurement, 
thus: 



Length of Long Arm 
Length of Short Arm 


Length of Long Arc, Cc 
Length of Short Arc, Bb 







Large Load. 
Small Load. 



Repeat the experiment with different mas5€§, 
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Machines. — A machine is a contrivance by means of which 
a given force is made to resist or overcome another force acting 
in a contrary direction. 

What are termed " the mechanical powers " are really simple 
machines which can be used to overcome resistance. We 
have now to consider the mechanical principles underlying 
the action of such simple machines as tht lever, the pulley, 
the inclined plane, and the screw. 

The Lever. — A lever is a rigid bar which can be freely 
turned about a fixed point. The fulcrum of a lever is the fixed 
point about which the lever can be turned. The force exerted 
when using a lever is often described as the Power and the body 
lifted or resistance overcome as the Weight. These words are 

convenient but they are 

. 1L ^ not correctly used in con- 

I A rm. K Arm 1 nection with levers, as 

Ha S i their true meanings are 

B Power confused by so doing. It 

jg is better to substitute the 

word effort for power and 

Fig. 77.~Names used in connection with resistance or load for 
Levers. . - 

weight. 

It should be borne in mind, that, so far as mechanical 
principles are concerned, there is no difference between the 
power and the weight ; both represent forces, and as such they 
must be considered in the action of levers. The perpendicular 
distances from the fulcrum to the lines of actions of forces acting 
upon a lever, are known as the arms of the lever. In Fig. yy 
the distance AC\s the arm at one end of whicii the " Weight " 
acts, and BC is the arm at one end of which the " Power " 
acts. 

Classes of Levers. — For convenience, levers are divided 
into three orders or classes, according to the lolative positions 
of the fulcrum, and the forces in action. The classes are as 
follows : — 

Class I. Fulcrum between resistance and effort. Examples : 
see-saw, a pump-handle, a balance, a spade used in digging 
(Fig. 78). ^ P 

Class II. Resistance between effort and fulcrum. Examples: 
nutcrackers, a wheelbarrow, and others shown in Fig. 79, 
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Fig. 78.~Levers of the first order. 
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Fig. 79.— Levers of the second order. 
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Class in. Effort between fulcrum and resistance. Examples: 
sugar-tongs, ordinary fire-tongs, the pedal of a grindstone 
(Fig. 80). 

These classes are of no real consequence, for the principle 
underlying the action of all levers is the same. 



4 



a 



Fig. 80.— Levers of the third order. 

Principle of the Lever. — Your experiments have proved, 
that when a lever is in equilibrium 

Mass on Distance _ Mass on Distance 

one side from fulcrum other side from fulcrum. 

This principle of moments applies to all levers, so that all you 
have to consider, when thinking over the action of a lever of any 
kind, are the forces working in one direction and their distance 
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from the fulcrum compared with the forces or resistances which 
oppose them and the distance of these from the fulcrum. 

Moments.— In order to clearly understand what is meant by 
the moment of a force consider the experiments demonstrating 
the principle of the balance (p. 47) and those just performed. 
Let Fig. 81 represent the condition of things when the lath is 
in equilibrium with the pans carrying unequal masses at 
different distances from the fulcrum. When there is equilibrium 
we may say that the turning effects of the forces, about the 
point of suspension, acting on the lath at the points where the 
pans are supported are equal. The turning effect of a force is 
termed the moment of the force. 

Refer to the diagram (Fig. 81), where F is the point of 
support of the lath, and Mj is a larger mass at a distance AF in 
equilibrium with a smaller mass Mg, at a greater distance FB. 



F 



Fig. 81. — To illustrate moments of Forces. 

The force acting at A is, as you know, the weight of the 
mass Ml, acting vertically downwards ; and the force at B is 
the weight of the mass Mg acting in the same direction. The 
moment of the force acting vertically downwards at A is the 
product of the force equal to the weight of Mj and the distance 
AF, which as the diagram shows is measured at right angles to 
the direction in which the force acts. Similarly the moment of 
the force equal to the weight of the mass Mg, about the point F, 
is equal to the product of this force and the vertical distance 
BF. 

This is a rule of universal application for taking moments 
which will have to be used several times later on, and must be 
very carefully learnt \— 

The moment of a force about any point is the 
product obtained by multiplying this force by the 
perpendicular distance between the point and the 
line of action of the force. 

But it must always be remembered that the force and the 
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perpendicular distance between its line of action and the point 
about which moments are taken must be expressed in suitable 
units. 

The Principle of Work.— It will be seen more fully 
later that work is measured by the product of a force into the 
distance through which a body is moved in the direction of the 
force. Now, in every case where such simple machines as 
the lever, pulley, inclined plane and screw are concerned, 
the work done by one set of forces is equal to that done by the 
other. 

Experiment 65 has shown that this is true for a lever ; for the 
values obtained in each of the three columns there tabulated 
are practically the same, thus proving that when a force or 
effort exerted upon one arm of a lever moves a load or 
overcomes resistance at the other end, the distance through 
which the effort is exerted bears the same proportion to 
the distance through which the resistance is overcome that 
the resistance itself bears to the effort. In other words, 
what is gained in force is lost in distance, so that in each 
case the product of force and distance is the same whether 
the lengths of the lever arms or the arcs through which the 
ends of the lever moves are taken as the distances. 

From the principle of work it follows that if a man, by 
exerting a force of 10 lbs. on one end of a crowbar, moves 
100 lbs. at the other end, he has to exert his effort through ^ 
10 inches in order to move the mass one inch. In other 
words, what is gained in effort has to be made up by distance 
moved. 

Parallel Forces. 

EXPERIMENTAL WORK. 

The forces which you have dealt with in the experiments with levers 
were parallel forces, so that the following experiments only extend the 
principles you have already studied. 

66. Example of Parallel Forces. — Place the ends of a stiff lath or rod 
of uniform thickness upon two letter balances, or support the rod by 
hanging each end from a spring balance. Notice the load borne by each 
balance ; then weigh the rod, and so determine the proportion of the 
load supported at each end. 

67. Upward and Downward Forces in Equilibrium. — {a) Using the 
same arrangement as before, notice the reading shown by each balance 
when the lath is supported. Then place a mass anywhere upon the lath 
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and again observe the reading of each balance (Fig. 82). Repeat the 
experiment with the mass in different positions on the lath, and record 
the results in columns as shown below : — 



Mass supported 


Mass supported 
byB. 


Total readings 
A+ B. 


Mass of lath 
plus load. 











If columns 3 and 4 are compared after performing an experiment of 
this kind they will be found to be practically the same, thus again 




Fig. 82.— To illustrate Experiment 67. 

showing that when the lath is in equilibrium the sum of the upward 
forces is equal to the sum of the downward forces. 

(d) A similar experiment can be performed by suspending a light lath 
horizontally from two spring balances, and hanging a mass from any 
point between the balances. In this case the total reading of the balances 
will be equal to the weight of the load and the lath taken together. 




i ii ii i i ii I iiiiiii 




Fig. 83. — The reading of the spring balance is equal to the total weight ot 
the lath and the loads. 

68. Resultant of Parallel Forces. —{a\ Suspend a light lath from a spnnc 
balance by the ring above its centre (Fig. 83). Notice the reading of 
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the balance. Hang two equal masses in bags from the ends of the lath, 
and again observe the reading of the spring balance. Repeat the 
experiment with tmeqttal masses placed in bags arranged on the lath so 
as to counterpoise one another. 



Mass of 
lath A. 


Mass, ^ 


Mass, C 


Total 
A-VB-^C. 


Reading of 

spring 
balance, R. 













By comparing columns 4 and 5 it will be seen that the three down- 
ward forces A^ B, and C, acting upon the lath, are kept in equilibrium 
by one upward force JR. 

{b) Hang the two masses B and C in one bag from the middle of the 



k 



'■ ^ Ill ii i i iii 
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Fig. 84.— Lever suspended for experiment in parallel forces. 

lath suspended from the spring balance. Notice that the reading of the 
balance is the same as when the two jnasses are hung from the ends of 
the lath. 

When a single force can be substituted in this way for two or more 
separate forces without affecting the equilibrium of the body acted upon 
it is said to be a resultant y and the separate forces are termed components. 

69. Conditions of Equilibrium of Parallel Forces. — To further study 
accurately the conditions of equilibrium of parallel forces, a method is 
required which does away with the necessity of considering the mass 
of the lever. This is obtained as follows : 

{a) Suspend the lath by a string which passes over a pulley and has 
attached to the other end a mass equal to the mass of the lath (Fig. 84). 
The rod can then move as if it had no mass. 
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Upward forces can be applied to it by spring balances, or masses 
attached to strings passing over pulleys and downward forces by handnc 
masses from it. ^ ^ ^ 

Attach a spring balance to any convenient point on the lath bypassing 
the hook of the balance through a hole in the lever or by means of thread. 




WTTTTnTTTT 



Fig. 85.— Parallel forces in equilibrium. 

Suspend masses A and B from the lath so that they counterpoise one 
another (Fig. 85). Notice reading of spring balance and masses used. 

Add an additional mass to that used to counterpoise the lath, and also 
add masses to the lath tf) restore equilibrium. 



Mass, A. 


Mass, B. 


Total 
downward 

forces, 
weights of 

A+B. 


Weight of 
additional 
Mass, C 
=upward 
force. 


Downward 

force 

— upward 

force. 


Reading of 
(Resultant). 


' 











A comparison of columns 5 and 6 will show you that the pull on the 
balance is equal to the difference of the forces acting downwards and 
upwards respectively. The reading of the balance shows, in fact, the 
value of the resultant of all the forces acting upon the lath. 

{d) Remove the masses, except the one counterpoising the lath. Select 
a mass equal to the previous resultant reading of the spring balance. 
Hang it jfrom the lath, and move it about until the reading of the 
spring balance is the same as before. 

You can thus prove that the direction of the resultant force passes 
through the fulcrum formed by the supporting hook of the spring balance. 
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70. Equilibrium of Three Parallel Forces, — Using the same ar- 
rangement as before, suspend masses from the lath and move the spring 
balance along the lath until they counterpoise one another. Repeat the 
experiment with different loads, and observe in each case (rt) the reading 
of the spring balance, [b) the distance of each mass from the point at 
which the spring balance is attached to the rod, {c) the total distance 
between the masses. It will be found that one mass multiplied 
by its distance from the point of action of the resultant is equal to the 
product of the other mass by the other's distance from the resultant. 

Or, as has already been proved by the simple lever — 

Sum of moments on one\ _ /Sum of moments on other 
side of fulcrum J ~" \ side of fulcrum. 

Parallel Forces. —We have seen that the earth exerts a down- 
ward pull upon all objects on its surface, and that in consequence 
of this all things fall to the ground if unsupported. It follows, 
therefore, that everything which is supported above the earth's 
surface is constantly being pulled downwards, even though it 
does not fall. If a beam, for instance, is supported horizontally 
by resting the ends upon two posts, each particle of it may be 
regarded as being pulled earthwards by an attractive force. 
The direction of the pull is everywhere towards the centre of 
the earth, so for any one spot on the earth's surface we may con- 
sider the attractive forces due to gravity to be parallel to one 
another. 

When a stiff lath or rod of uniform thickness rests upon two 
letter balances, or is supported by hanging each end from a 
spring balance, the experiment represents on a small scale the 
case of a beam referred to before, and by using the spring 
balances we further see that the weight of a beam is equally 
divided between the two supports. In other words, we find 
that the two upward forces exerted by the balances are together 
equal to the downward force represented by the weight of the 
beam. 

If a load be placed anywhere upon the lath, it is still found 
by reading the balances that when the lath is in equilibrium the 
sum of the upward forces is equal to the sum of the downward 
forces. 

Principle of Parallel Forces.— We arc now in a position 
to state definitely the principle of parallel forces demonstrated by 
the experiments you have performed. It may be expressed as 
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follov/s :— ** The resultant of a number of parallel forces 
is numerically equal to the sum of those which act in 
one direction, less the sum of those which act in the 
opposite direction." In other words, \ve may say, the 
resultant is equal to the algebraic sum of the forces. 

If two equal parallel forces act in the same direction upon a 
body, the total force will be obtained (as might be expected) by 
adding the two individual forces together. In like manner, if 
two unequal parcUlel forces act in opposite directions the net 
effect will be found by subtracting the lesser of the two forces 
from the greater, and the direction of the resultant will be that 
of the greater force. 

Resultant of Parallel Forces.— It has been shown experi- 
mentally that the resultant of a system of parallel forces is equal 
in magnitude to the algebraic sum of the forces ; the direction 
of the resultant is the same as that of the greater of the parallel 
forces. This is illustrated by the experiments (p. i lo) in which 
a mass attached to the end of a string which passes over a 
pulley and is fixed to the centre of a lath eliminates the mass of 
the rod ; for while the forces due to the loads on the rod act 
vertically downwards, the resultant, represented by the pull of 
the spring balance, acts vertically upwards. The position which 
the resultant occupies with reference to the component forces is 
also shown by the same experiments. It is similarly exemplified 
by Experiment 70, where different loads are suspended from 
the rod and the spring balance is moved along the rod until the 
position of equilibrium is obtained. 

A record of this kind not only shows that the magnitude of 
the resultant force is equal to the sum of the components, but it 
also proves that in each case when the rod is in equilibrium one 
force multiplied by its distance from the point of action of the 
resultant is equal to the other force multiplied by the other's 
distance from the resultant. Or, expressing the result as 
an equation we have : — 

Force on ^ Distance from _ Force on Distance from 
one side Resultant other side Resultant. 

If the component forces are equal, their distances from the re- 
sultant will also be equal ; and if they are unequal the resultant 
will always be nearer to the greater force. In other words, a 
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small force is at a large distance from the resultant, and a large 
force ' -. at a small distance. 

Conditions for the Bquilibrinm of Three Parallel 
Forces. — The student should now be in a position to understand 
clearly the conditions which must prevail for three parallel forces 
to be in equilibrium. 

Carefully consider the experiment in which a rod bearing a 
load is supported from two spring balances (Fig. 83). 

Neglecting the mass of the rod, this experiment is a demon- 
stration of the conditions for the equilibrium of three parallel 
forces. The weight will be found to be equal to the sum of the 
readings of the spring balances. In other words, the resultant 
force will be found equal to the sum of the components. More- 
over the readings of the spring balances will be found to be in 



V 
Fig. 86. — Equilibrium of parallel forces. 

inverse ratio to the distances of the balances from the weight ; 
while the weight itself will be proportional to the length of the 
rod between the balances. The relation is shown graphically by 
Fig. 86, in which the directions of the three forces are represented 
by the lines CW, AD, BE. The forces bear exactly the same 
proportion to one another as the distances AB, BC, CA. We 
have, therefore, as the conditions of equilibrium of three parallel 
forces the following expression : — 

Force CW _ Force AD _ Force BE • 
Distance AB " Distance BC ~" Distance CA 

Or, expressed in words, each force is proportional to the dis- 
tance between the other two forces. 

Example. — Amass of 120 lbs. is suspended from a light rod 
(the mass of which may be neglected), the ends of which rest 
Ex. Sc— L I 
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upon the shoulders of two men, A and B (Fig. 87). The rod is 
6 feet long, and the load is 2 feet from the man A, and 4 feet 
from the man B. What proportion of the total mass is borne 
by each man ? 

From the above we see that 

Amount borne . Amount borne ^B's distance . A's distance 
by A * by B from load * from load 

= 4:2 = 2:1. 

So that the man A bears twice as much as the man B, that is, 
he bears 80 lbs. and B carries 40 lbs. 

Caution. — In concluding this section on parallel forces 

a word of warning is necessary. Parallel forces are frequently 

• confused with the parallelogram of forces, on account of the 

slight similarity between the words. It must, however, be 




^iG. 87. — Relation of parallel forces to ohe another. 

borne in mind that in a case of the parallelogram of forces, the 
component forces are never parallel to one another, but 
inclined at an angle. The resultant also is not equal to the 
algebraic sum of the components, as it is in the case of parallel 
forces. 

Chief Points of Chapter VII. 

A Machine is a contrivance by means of which a given force is made 
to resist or overqome another force acting in a contrary direction. 

A Lever is a rigid bar which can be freely turned about a fixed point 
{the fulcrum). The force exerted when using a lever is called the effort ^ 
and the body lifted, or force overcome, the 7-edstance. 

Classes of Levers. — For convenience, levers are divided into three 
classes : — 

I. Fulcrum, between resistance and e/i^Qct Examples : — See-saw, 
pump-handle, balance, crowbar. 
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2. Resistance between effort and fulcrum. Examples : — Nut crackers, 
wheelbarrow, and boat oar. 

3. Effort between resistance and fulcrum. Examples : — Sugar tongs 
or ordinary fire-tongs. 

Principle of Lever : — 

Mass on ^ Distance _ Mass on ^ Distance 
one side from fulcrum ~ other side from fulcrum 

Moments. — The turning effect of a force is termed the momeni of a 
force. The moment of a force about any point is the product obtained 
by multiplying this force by the perpendicular distance between the point 
and the line of action of the force. 

Parallel Forces. — The resultant of a number of parallel forces is 
numerically equal to the sum of those which act in one direction, less the 
sum of those which act in the opposite direction. 

Moreover, in case of parallel forces, not only is the magnitude of the 
resultant force equal to the sum of the components, but when there is 
equilibrium — one force multiplied by its distance from the point of 
action of the resultant is equal to the other force multiplied by the 
other's distance from the resultant. 

Questions on Chapter VIL 

1. Describe the principle of the action of a simple lever. 

A stiff wooden rod, six feet long, and so light that its weight may be 
neglected, lies upon a table with one end projecting four feet over the 
edge. Upon the end of the rod lying on the table a weight of 8 lbs. is 
placed. What weight must be placed upon the other end so as just to 
tip the rod ? 

2. A uniform rod is pivoted at its middle point, and a weight of 2C 
grams is attached at a point 25 centimetres from the fulcrum. To what 
point on the rod must a weight of 15 grams be attached in order that 
the rod may balance in a horizontal position ? 

3. Give a simple illustration of each of two different kinds of lever. 

4. Describe an experiment to prove that the resultant of a number of 
parallel forces is numerically equal to the sum of those which act in one 
direction, less the sum of those which act in the opposite direction. 

5. State the conditions for the equilibrium of three parallel forces. 
Describe an experiment which shows these conditions. 

6. Apply the principle of moments to explain the conditions or 
equilibrium for parallel forces. Give an example. 

7. State briefly why it is that a lever may be used so that the force 
exerted by one end of it is greater than the force exerted upon the other 
end. 

8. What is meant by the " principle of work " ? Apply the principle 
to the case of a lever. 

9. What is a lever ? 

What is the "fulcrum" of a lever? 
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Name four or five levers in common use, and say where the fulcrum 
of each may be. 

10. Two forces, P and Q, act upon a body. If P acted alone it 
would, in two seconds, produce in the body a velocity of lo feet per 
second, while if Q acted alone it would in three seconds produce in the 
body a velocity of i8 feet per second. What velocities will P and Q 
produce in one second when acting together if the directions in which 
they tend to move the body are— (i) inclined; (2) directly opposed? 

11. What is meant by the resultant of two forces? 

Describe an experiment to prove that the resultant of two parallel 
forces is equal to the algebraical sum of the forces. 
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CHAPTER VIII 

PRINCIPLES OF THE PULLEY, THE INCLINED PLANE, AND 
THE SCREW 

The Simple Pylley 

EXPERIMENTAL WORK. 

71. Single Fixed Pulley, — Hang a pulley from a stand or nail, and 
over the wheel or sheaf pass a fine flexible cord having a loop tied at 
each end. Connect a light tray or bag with each 

end of the cord. Put a mass in one of the trays and 
then gradually place bits of lead or small nails in 
the other until the first tray moves (Fig. 88). When 
this happens, take each of the trays and find the 
mass of each with its contents. Repeat the experi- 
ment with different masses, and record your results 
in parallel columns. 

The two trays with their contents will be found 
to have very nearly the same mass, but not exactly, 
for in order to move the tray W^ the mass P must 
be a little greater than that of W, as the friction of 
the pulley upon its axle has to be overcome. 

72. Tension in String Supporting Movable 
Pulley, — {a) Place a weight in one of the trays 
previously used, and suspend the tray and a pulley 
together from a spring balance. Record the reading 
of the balance. Now arrange the pulley and balance 
as shown in l* ig. 89, and again record the reading. 




Ai> 



Fig. 88.— a single 
fixed pulley. 



Load, W. 


Reading of Spring 
Balance, P. 


R-tio-^ 
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It v/ill be noticed that P is only J W^ (roughly) in every case; in other 
words, the tension in a cord supporting a movable pulley having a mass 
hung from it is equal to one half the total mass supported. 

\b) Hang the tray with weights 
in it, together with two pul- 
leys, from a spring balance, 
as before, and observe the 
reading. Then arrange the 





Fig. 89. — A single movable pulley. 



Fig. 90.— Two movable pulleys. 



pulleys in connection with the spring balance as shown in Fig. 90, and 
again observe the reading. Tabulate your observations. 



Load 
1 (pulleys and mass W). 


Reading of Spring 
Balance, F. 


p 

Ratio — 









In this case, that is, with two movable pulleys, it will 
be noticed that the force required to support the pulleys 
and load is less in proportion than when one pulley 
was used. 

Another way to determine the advantage of using 
movable pulleys is to pass the freie end of the cord 
over a fixed pulley, as in the following experiment, 
instead of connecting it with a spring balance. 

73. Mechanical Advantage. — Arrange one fixed and 

^and~^ne one movable pulley as in Fig. 91. Place various masses 

movable pulley, in succession in the trajr W% suspended from the movable 



Qw 



Fig. 
fixed 
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pulley, and add lead or shot to the tray P until W begins to move. 
Then disconnect the pulleys and find the mass of P and its contents, and 
the total mass of W and the movable pulley. Tabulate your observa- 
tions thus : 



Total Mass lifted 
(»-+ pulley). 


Moving Force, P. 


Total Mass 
Moving Force. 









74. Pri^uiple of Work applied to Pulleys. — When the load and moving 
force are in equilibrium in the preceding experiment, mark the height of 
the bottom of each tray from the table. Then move the tray P through 
a certain distance and observe how much the tray W is moved. It will 
be found that : 

P X distance moved = ^ X distance moved. 

The Pulley. — A pulley is a wheel having a grooved rim, 
and capable of rotating about an axis through its centre. The 
frame which holds the pulley is called the block. 

Most satisfactory experimental results are obtained by using 
pulleys made of aluminium, which can now be obtained at a 
small cost. In pulleys of this sort the errors due to friction are 
almost eliminated. Your experiments have shown you that 
although a movable pulley, that is one which can move up and 
down, reduces the effort which has to be exerted to support a 
given mass, a fixed pulley is of no advantage in that respect. 
The number of times that the resistance overcome or mass 
moved exceeds the effort exerted or moving force is known as 
the mechanical advantage of a machine. 

The way in which pulleys enable resistance to be advantage- 
ously overcome is demonstrated by the experiments you have 
performed to learn the uses of single fixed pulleys and single 
movable pulleys. 

Use of a Single Fixed Piilley.— With a single fixed 
pulley, no" mechanical advantage is obtained. All that the 
pulley does is to change the direction of the pull ; if one of the 
loads, for instance, is pulled down, the other rises. The 
pulley thus acts in the same way as a lever balanced at its 
centre .* the distance from the centre to the circumference, in 
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Fig. 92.— Parallel 

forces acting on a 

pulley. 



Other words, the radius of the pulley, being regarded a« one arm 
of the lever. A pulley having a radius of three inches has 
therefore an equivalent lever-arm three times 
as great as one with a radius of one inch. 

A pulley supported as in Fig. 92, may be 
considered as an example of the action of 
parallel forces. The two forces W+(W-f-the 
weight of the pulley), acting downwards, are 
kept in equilibrium by the single force T acting 
upwards. If a single mass, the weight of 
which is equal to W -f- W -f- pulley, were hung 
from the cord, it would produce the same 
tension as the three forces, that is it would 
be their resultant. 

Use of a Single Movable Pulley. — 
The fixed pulley, as has been already seen, is 
of no advantage in reducing the force re- 
quired to raise a mass ; the advantage gained is derived from 
the use of a movable pulley. For instance, in the case of the 
experiments represented in Figs. 89,91, one half of the mass W 
is supported by the part of the string hooked to the beam, and 
the other half is supported by the part of the string which goes 
around the fixed pulley to the mass marked P, or to the spring 
balance. There are several different combinations of pulleys, but 
the principle exemplified by the foregoing experiments, namely, 
that every movable pulley reduces by one-half the effort required 
to support or raise the mass below it is utilised in them all. 

The Principle of Work applied to Pulleys.— With 
pulleys, as with levers, there is neither loss nor gain of work. 
If, in any combination of pulleys, a force of 10 lbs. balances a 
force of 120 lbs. — the mechanical advantage, resistance tt- effort, 
thus being 12 — the effort will have to be exerted through 
twelve feet in order to move the resistance through one foot. 
For it is an invariable rule that 

Effort X the distance through == Resistance x distance moved, 
which It acts 

The mechanical advantage of any system of pulleys can there- 
fore be determined (i) by finding the relation between the load 
moved and the force exerted, or (2) by comparing the distance 
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through which the force is exerted with that through which the 
force moves. 

The Inclined Plane. 

EXPERIMENTAL WORK. 

75. Principle of the Inclined Plane, — Arrange a hinged board with a 
weight attached by elastic to the free end. Show that the tension is 
less when the weight rests on the board than when it is suspended 
freely. 

76. Relation between Effort and Load, when the Effort is exerted 
parallel to the plane. — (a) Obtain a large pill box or small canister, and 
run a knitting needle through it from end to end to form an axle (Fig. 
93). Fit a wire handle upon the axle, and attach to 'it a spring 
balance or an elastic cord. 

Place some shot or sand in the roller thus constructed. Pull the 




Fig. 93. — Roller for inclined plane. 



Fig. 94. — Force acting parallel ta^n inclined 
plane. 



roller along the hinged board used, with the board horizontal, and 
notice how much the cord or spring balance is stretched. Now tilt the 
board slightly and pull the roller up it as in Fig. 94, taking care that 
the direction in which you pull is parallel to the slope of the board. 
Observe the amount by which the cord stretches as you pull up the 
roller. Then hold the cord vertically and find what mass will stretch 
it by the same amount. The weight of this represents the force used. 
Weigh the roller and so obtain the mass moved. Afterwards measure 
the length AC and the height AB, and find the relation between 
them as below — 

Load moved _••••_ 

Force exerted .... 

Length of plane _ . . . . _ 
Height of plane ~ . . . . ~ 

Are the two results approximately the same ? If so, you may con- 
clifde that the mechanical advantage of an inclined plane, when the 
force exerted acts parallel to the plane, is equal to the length of the 
plane divided by the height. 
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In measuring an inclined plane, any vertical line such as AB (Fig. 
95) can be taken as the height, provided that the two other sides of the 
triangle which it forms are taken as the length and base of the plane. 




BcLse 

Fig. 95.— Height, length and b::se of an inclined /:lanc. 

{b) Repeat the experiment with the inclined plane, that is the board, 
tilted at different angles, and v/ith different amounts of shot in the 
roller. Record in columns as below — 



Load. 


Force. 


Height of 
Plane. 


Length of 
Plane. 


I^ad. 
Force. 


Length. 
Height. 







(f ) Your experiments have shown you that, in the case of the inclined 
plane, when the power acts parallel to the plane 

Mechanical advantage = — ^i,~ T.^ ' 

Fix the board at any convenient height, and calculate the mechanical 
advantage by finding the ratio of thtf height to the length of the 




Fig. 96.— Force acting horizontally on an inclined plane. 

plane. Afterwards test whether the calculated result agrees with the 
result obtained by finding practically the ratio of the force exerted to 
the mass moved in the case of the inclination chosen. 
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77. RelcUion between Effort and Load, when the Effort acts hori- 
zontally. — {a) Arrange the roller as shown in Fig. 96. Keeping the 
india-rubber cord horizontal, pull the roller up the inclined plane. 
Observe the stretch of the india-rubber, and find what mass will 
produce the same amount ; or if you are using a spring balance, observe 
the reading under these conditions.' Then weigh the roller and the 
wire handle. Measure the lengths of BC and AC. 



Mechanical advantage = 



Load moved __••••_ 

Force exerted ~ . . . . ~ 

Base of plane _••••_ 
Height of plane , . . .. 

Do your results bear out the statement that when a load is being 
pulled up an inclined plane by a force which acts horizontally, the ratio 
which the force bears to the load, in other words, the mechanical 
advantage, is equal to the base of the plane divided by the height ? 

{b) Repeat the preceding experiment with the board tilted at different 
angles. Record your results as below — 



Mass 
used. 


Force 
exerted. 


Height of 
Plane. 


Base of 1 Load. 
Plane. | Force. 

1 


Base. 
Height. 













This experiment and the preceding one will enable you to understand 
the action of a Wed^e (Fig. 102), which may be considered as two in- 
clined planes, base to base. In this case the plane is pushed forward 
by a power acting parallel to the common base. The principle is there- 
fore just the same as when an object is pulled up an inclined plane by 
a power acting parallel to the base, but the direction of action is 
reversed. 

78. Friction, — (a) Fix a small staple, such as is used to fasten wire 
netting, into one end of a rectangular block of wood. Place the block 




Fig. 97.— Measurement of friction. 

upon a smooth table, and connect an india-rubber cord or spring balance 
with it by means of a bent pin. Hold the balance horizontal and slowly 
pull it until the block moves. Notice the amount by which the india- 
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rubber is stretched, or the reading of the balance, when this happens. 
Repeat the experiment several times upon the same part of the table, 
and notice that the force required to move the block is roughly the same 
in each case. 

(^) Repeat the preceding exercise with the block upon a slate or a 
sheet of plate glass instead of upon the table. 

The surfaces upon which the block was placed in the two preceding 
exercises were comparatively smooth, so ih^friciiofi between the block 
and the surfaces was not very great. Try the experiment with the block 
upon a sheet of sand-paper. 

(c). Exercises 78 {a) and {b) prove that the amount of friction 

varies with different surfaces in 
contact with one another. To 
test whether the 9ize of the 
surface of contact has any effect 
upon the amount, repeat the 
experiments with the block upon 
one of its side faces, taking care 
that the direction of the grain is 
the same as before. It will be 
found that the same pull or force 
is required to move the block 




Fig. 98.— Limiting angle of friction. 



when the surface in contact is small as when it is large. 

79. Limiting Angle of Friction.— Anoih^x method of studying effects 
of friction is by inclining the board or table upon which the friction 
block rests. Obtain a smooth board about 18 in. long and 4 in. wide. 
Place the rectangular block already used upon the board, and raise the 
upper end of the board until the block begins to slide. Measure the 
perpendicular height to which the board can be raised before the 
motion commences. Repeat the experiment with the block on the 
side face used before. 



The Inclined Plane. 

— A plane in mechanics 
is a rigid flat surface, and 
an inclined plane is one 
that makes an angle with 
the horizon. 

The reason for the de- 
crease of tension in an 
elastic cord attached to a 
mass resting on a hinged 
board, compared with the 




Fig. 99. — Parallelogram offerees applied to 
an inclined plane. 



tension when the mass hangs freely, will be best understood 
by applying the principle of the parallelogram of forces to the 
inclined plane. Suppose an object O (Fig. 99) is kept in 
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position upon a smooth inclined plane by a force acting up the 
plane, as in Expt. 76 (a). The object is acted upon by three 
forces, namely, W, due to its weight, acting vertically downwards, 
P, the force exerted up the plane, R the reaction of the plane. The 
weight acting downwards 
is thus kept in equili- 
brium by the two forces 
R and P acting upwards. 
The last-named force re- 
presents the effort exerted, 
and being one of two it is 
evidently less than the 
weight whenever the ob- 
ject rests upon the plane. 

Let OP and OW be 
drawn of lengths pro- 
portional to the force exerted up the plane, and the weight ot 
the object, O. Complete the parallelogram PLWO, and draw 
the diagonal OL. This parallelogram represents graphically 
in magnitude and direction the forces in equilibrium when 
a body of definite weight is kept in position upon a smooth 
inclined plane, by a force acting up the plane. If the sustain- 
ing force acts horizontally, the parallelogram shown in Fig. 100 
represents the forces concerned, OP representing the effort ex- 
erted, OW the weight, and OL the pressure on the plane. 

Friction on an Inclined Plane.— In the cases hitherto 




Fig. 100. — Parallelogram of forces applied 
to an inclined plane. 




Fig. 101.— Forces in action when an object rests upon an inclined surface. 

considered it has been assumed that there is no friction between 
the object and the inclined plane, so that a sustaining force has 
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to be used as soon as the plane is inclined. When there is 
friction between the surfaces of contact of the object and the 
plane, the object may remain at rest without any effort being 
exerted. Let G in Fig. loi represent a stone or other object at rest 
upon a plane inclined by different amounts. As the object is at 
rest the action of the plane must be equal and opposite to the 
weight of the object. If the weight is represented by the 
vertical line GW the action of the plane is shown by a line, 
GC, of the same length. This action can be considered to be 
the consequence or resultant of two separate forces — one, F, 
due to friction, and acting up the plane, and another, R, 
due to pressure, acting perpendicular to the plane. The 
parallelogram AGBC thus represents the forces in action in 
each case. When the inclination is small friction is small, and 
therefore GB is small in comparison with GA, which represents 
the. pressure. As the inclination is increased, friction, F, in- 
creases, and R, pressure, upon the plane decreases. 

Advantage of the Inclined Plane.— In experiments with 
the hinged board upon which a load was kept at rest by means 
of a force acting along the length of the plane, or horizontally, 
it was found that the effort, or force used, was less than the load, 
and that the proportion which one bears to the other differs with 
different inclinations of the plane. There is a definite relation 
between this proportion and the slope of the plane on which the 
load moves. When the force is exerted parallel to the plane, 
this proportion is as follows : — 

Mass . Force .. Length of . Height of 
moved * exerted " plane * plane. 

This rule can also be deduced from the principle of work. If 
the roller starts from C Fig. 94 and moves to A, it is lifted through 
the vertical height AB. For this to take place, the force will 
have to be exerted through a distance equal to the length of the 
plane AC. Therefore 

Load _ Distance through which the force is exerted 
Force Vertical distance through which mass is lifted 

Or, Load x height of plane = Force x length of plane. 

When the effort acts horizontally, the ratio which it bears to 
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the weight is in the proportion which the base of the plane BC 
bears to the height AB. 

A wedge can be considered to be two in- 
clined planes base to base, this double plane 
being pushed forward by a force exerted 
parallel to the direction of the base. Fig. 102. 

The Screw. 

EXPERIMENTAL WORK. 

80. Screw and Nut. — Obtain a large screw or 
bolt and a nut into which it fits (Fig. 103). Scratch 
a line along the tops of the screw thread from one 
end of the screw to the other in the direction of 
the axis. 

Place your rule along the screw and see how 
many of the spaces between successive threads 
are equal to the length of an inch. You can 
thus find the distance between two successive 
threads. Another way is to measure the length 
between, say, 11 threads, and divide this by 10 to 
find the distance from one thread to the next. 
Record this distance in your note-book. 

Put the bolt upon the screw and turn it until Fig. 102.— A wedge. 
it reaches one of the marks scratched upon the 
thread. Make a line upon the bolt at the point where the scratched 
thread touches it. Turn the screw, and notice that one complete 
turn brings another mark to the side of the line upon the bolt. 

You thus see that one complete turn advances the 
screw by an amount equal to the distance between two 
successive threads. You know what this distance is, and 
can therefore write down the distance through which the 
screw advances for any number of turns. 

Find (i) by calculation, using the value you have 

found for the distance between successive threads, (ii) 

by direct measurement, the amount of advance of the 

screw with reference to the nut when it is given 7, %\i 

10, 11^, and 14 turns. 

Sg To understand the principle utilised in the preceding 

mijl ^IH exercise, a model screw thread should be constructed as 

1^ follows. 

Fig. 103.— ^^- Construction of a Model Screw Thread. — Cut out 

Screw and nut. of paper a right-angled triangle such as ABC (Fig. 104) 
and wind it round a lead pencil. The slant side of the 
triangle forms a spiral upon the pencil, similar in appearance to the 
thread of a screw. If the inclination of our triangle is small, the 
tttfcads appear close together, and if it is large they occur farther 





gitized by Google 



128 



EXPERIMENTAL SCIENCE 



CHAP. 



apart. Mark where the end C of the paper touches the base of the 
triangle and draw a line DE, perpendicular to the base, from this 




B CDC 

Fig. 104.— Formation of a screw thread by the slope slide of an inclined plane. 

point to the slant side. The small triangle CDE thus formed is similar 
to the large one, and it represents one turn of the screw-thread. 

PrincipliB of the Screw.— Comparing the screw-construc- 
tion now with an inclined plane, it will be seen that 
height of inclined plane represents distance between threads, 
base of „ „ „ circumference of screw. 

The anglfe of inclination of the inclined plane is represented 
by the angle ECD (Fig. 104), and this determines th^ pitch of the 
screw. 

In considering the use of a screw, the resistance to be over- 
come can be regarded as a load upon an inclined plane. With 
a screw such as is shown in Fig. 105 the force acts in a direction 
parallel to the base of the plane. Under this condition 
Load : Force :: Base of Plane : Height of Plane 
Or, expressing the proportion in the terms which apply to 
screws : — 

Circumference . Distance between 
of Screw ' successive threads. 
When the force is applied at 
B, leverage is gained in the 
proportion of AB to ab, and 
so further mechanical advantage 
is obtained on this account. But, 
in order to advance the screw 
by a distance equal to that 
between two successive threads, 
the end of the handle B has to 
be turned through a complete 
Fig 105.— a screw turned by a lever, circumference. This fact Can 



Resistance : Effort :: 
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be used to deduce the mechanical advantage of a screw 
from the principle of work. We get, in fact, 

Resistance _ Circumferenc e of circle described by power- arm. 
Effort Distance between successive threads. 

Chief Points of Chapter VIII. 

The Pulley is a wheel having a grooved rim, and capable of rotating 
aboat an axis through its centre. The frame which holds the pulley is 
called the block. 

Mechanical AdvantaffO.— The number of times that the resistance 
overcome exceeds the effort exerted is known as the mechanical advantage 
of a machine. 

. A Single Fixed Pulley gives no mechanical advantage. All that it 
does is to change the direction of the pull. 

A Single Movable Pulley gives a mechanical advantage. Every 
movable pulley reduces by one-half the effort required to raise a given 
load. 

Principle of Work applied to Pulleys :— 

Effort X "^^^ Sit '^cir^^ = Resistance X Distance moved. 

The Inclined Plane is a rigid flat surface which makes an angle with 
the horizon. 

Advantage of the Inclined Plane when the Force is exerted parallel 
to the Plane :— 

Mass moved : Force exerted :: ^p"^*/^ : ^^^^/ 

or 

Mass Distance through which force is exerted 

Force "" Vertical distance through which mass is lifted 
Therefore, , 

Force x distance exerted = mass x vertical distance moved. 

A Wedge can be considered as two inclined planes base to base. This 
double plane is pushed forward by a force exerted parallel to the 
direction of the base. 

Principle of the Screw. — The distance between successive threads re- 
presents the height of an inclined plane ; the circumference of the screw 
represents the base of an inclined plane. Moreover, 

Load : Force : : Base of Plane : Height of Plane. 

Resistance : Effort :: Circumference Distance between 
ot bcrew successive threads 

. Resis tance __ Circumference of arc described by power arm , 

Effort Distance between successive threads 

Ex. Sc— I. K 
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Questions on Chapter VIII. 

1. State the principle of the action of a simple pulley. 

How would you show that the strain or tension in a cord supporting a 
pulley is equal to half the weight hanging from the pulley ? 

2. One end of a piece of india-rubber cord is pmned to a drawing- 
board longer than the cord ; to the other end a weight is attached. The 
drawing-board is slightly inclined by lifting the edge to which the india- 
rubber is pinned. What effect has this upon the india-rubber ? 

Is the effect increased or decreased when the inclination is made 
greater? Show, by means of a diagram, the direction of the forces 
which act upon the weight when it rests upon the inclined drawing- 
board. 

3. Describe the action of a single movable pulley in decreasing the 
force which has to be exerted to support a given weight. 

4. Show, by means of the parallelogram of forces, the action of an 
inclined plane when the effort is exerted parallel to the plane. 

5. Describe the relations between the mclined plane and the screw. 

6. A pulley is hung from a beam and a cord is passed round the 
groove. A mass of one pound is hung from one end of the co?d. What 
mass must be put at the other end of the cord to produce equilibrium ? 

7. Explain by reference to an inclined plane what you understand by 
the "mechanical advantage " of a machine. 

8. Give in a few words the principle of the screw. On what does 
the ratio of the resistance overcome to the effort exerted depend ? 

9. What do you understand by the " Limiting Angle of Friction" ? 
Describe an experiment to explain your meaning. 

10. Explain how a weight, a pulley, and a chain can be arranged so 
as to make a door shut when it is let go. Draw a diagram. What 
forces has the weight to overcome as it shuts the door^? 

11. A penny lies at rest on a sloping desk. What forces are acting 
on it? Draw a -diagram showing clearly the direction of each. 
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Fig. io6.— Centre of gravity of 
uniform rod. 



Determination of Centres of Gravity 

EXPERIMENTAL WORK. 

82. Centre of Gravity of Uniform Rod. — Procure an uncut, pencil. 
Tie a piece of thread round me 
pencil and adjust the thread in such 
a position that the pencil is sus- 
pended horizontally from it. Mea- 
sure the distance of the thread 
from each extremity of the pencil. 
The pencil may be regarded as 
a straight line, and the observ- 
ations will show that the centre 

of gravity is 

in the middle 

of it. 

83. Centres of Parallel Forces. — Arrange a rod 
as shown in Fig. 85, but instead of only two masses 
A and B there shown, hang several at different 
places along the rod. Determine by trial where 
the spring balance must be so that the rod is 
balanced. The position of attachment of the 
balance to the rod marks the centre of gravity 
of the system. 

84. Experimental Methods of Del er mining Centre 
of Gravity. — (a) Procure a disc of sheet cardboard 
and find by trial the point on which it may be 
balanced, that is, the centre of gravity of the disc. 
Make a hole in the card near the edge, and take 
a plumb line consisting of a thread with a piece 
of lead tied at one end and a hook of thin wire 
at the other. Hang the disc from the hook, and 
then suspend both as shown in Fig. 107, so that. 

131 K2 



Fig. 107.— a deter- 
mination of centre 
of gravity. 
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the disc and lead are both suspended and the thread passes over the point 
of suspension. Observe it also passes through the centre of gravity. 
Do this for various holes in the edge of the disc and see that in 
all cases the vertical line through the point of suspension passes through 
the centre of gravity. 

(3) Another way to find the centre of gravity of plane figures such as 
have been described is to tie a string around the edge at each hole. 
Then hang the plate by one of the strings to a support such as one of 
the rings of a retort stand. Allow it to come to rest and using a straight 
edge, draw a chalk mark across the plate in the same straight line with 
the string as shown by the dotted line in the figure. Now attach the 
same rlats by one of the other threads exactly as before and again make 
a mark in continuation of the string. The two chalk marks intersect at 




Fig. io8.— a determination of centre of graVity. 

a point marked G, Fig. io8. Untie and do the same with another string, 
the third line passes through the intersection of the first two. Obtain 
a similar point for each of the other plates. Also determine in the same 
way a similar point for irregular plates of wood, zinc, or cardboard. 

85. Centre of Gravity of a Parallelogram. — Determine experimentally 
as in Expt. 84, the centre of gravity of a plate in the form of a 
parallelogram. Mark the point with a pencil ; then turn over the plate 
and draw the two diagonals upon the opposite side. Make a pin-hole 
where the diagonals intersect. The point where the diagonals intersect 
will be found to be practically the same as the centre of gravity. 

86. Centre of Gravity of a Triangular Plate. — Repeat the preceding 
experiment with a triangle cut out of cardboard. After finding the 
centre of gravity prick a pin-hole through the cardboard, then turn over 
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the triangle and draw a line from each angle through the pin-hole to the 
opposite edge. Now, taking each edge in turn a^ the base of the 
triangle, determine (i) the lengths of the two parts into which each base 
is divided by the lines drawn, (ii) the proportion which the distance of 
the hole from each base bears to the length of the line from that base to 
the opposite angle. 

87. Centre of Gravity of a Quadrilateral. — Cut a four-sided figure out 
of cardboard, and draw a line connecting two of the opposite angles. Find 
by bisecting this line and taking one-third the distance from the middle 
to the opposite angle, the centre of gravity of each of the triangles into 
which the figure is divided. Connect the two points found. Then 
draw the other diagonal of the quadrilateral, repeat the measures, and 
connect the centres of gravity as before. Make a hole where this short 
line cuts the other, and show, by passing a piece of knotted thread 
through it, and so suspending the cardboard, that the point determined 
in this way is the centre of gravity of the whole figure. 

88. Centre of Gravity of an Irregular Plane Figure, — Select a piece of 
cardboard of any shape, and find its centre of gravity. Test, as before, 
whether the cardboard will set horizontally when suspended from the 
point found. 

89. Centres of Gravity ofSkelctjn Solids. — {a) Procure a skeleton cube 
or a tetrahedron, and suspend it as in the preceding experiments. Mark the 
verticals through the pomt of suspension by light wires attached by wax, 
and thus find the position of the centre of gravity. The centre of 
gravity will not be on any point of the skeleton solid used. 

{b) Find the centre of gravity of an open wickerwork basket, such as 
a waste-paper basket. To do this, suspend the basket, and hang a 
plumb-line from the point .of suspension. Tie a piece of thread across 
the basket in the direction of the plumb-line ; then suspend the basket 
from two other points, and notice where the plumb-line crosses the thread 
in each case. The point of intersection, which, need not be actually on 
the framework itself, is the centre of gravity. 

Centre of Gravity.— Consider a large number of weights, 
some heavier than others, suspended from a horizontal rod 
arranged as in Fig. 85. A certain position can be found at which 
the spring balance has to be attached in order to keep the rod 
in equilibrium. When the rod is hung from this point the 
tendency to turn in one direction is counteracted by the tendency 
to turn in the other, so the rod remains horizontal. The 
weights may be regarded as parallel forces, and the pull of the 
spring balance as equal to their resultant. Now consider a 
stone, or any other object, suspended by a string. Every par- 
ticle of the stone is being pulled downwards by the force of 
gravity, as indicated in Fig. 109. The resultant of these parallel 
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forces is represented by the line GF, and the centre of the forces 
by the point G. The point G, through which the resultant 
(GF) of the parallel forces due to the weights of the indi- 
vidual particles of the stone passes, is 
known as the centre of gravity. 
For the stone to be in equilibrium, the 
string must be attached to a point in 
the line GF, or GF produced. 

Every material object has a centre 
1^^ ^Tt i'ii|t^^^ of gravity, and the position of this 
▼^y^T't point for a particular object is the 

▼ ^ same so long as the object retains the 

Fig. 109. - Parallel forces Same form . 

due to gravity. Experimental Methods of De- 

termining Centre of Gravity. — 
The centre of gravity of such geometrical figures as circles, 
squares, and parallelograms is really the centre of the figures, 
and can therefore be determined geometrically. In the case 
of unsymmetrical figures, however, the centre of gravity cannot 
be so easily found by geometry, and is best determined by 
experiment. 

The experimental method adopted for determining the centre 
of gravity of any material body depends upon the considerations 
set forth in the preceding paragraph. The body, the centre of 
gravity of which is required, is allowed to hang quite freely, 
either by means of a cord or on a smooth peg, and when it has 
come to rest a vertical line through the point of support is traced 
by means of a straight edge. If a string is employed, this 
vertical line will be a continuation of the string, and is at once 
drawn by the help of a ruler. If the body which is being 
experimented with is hung from a smooth nail, by means of a 
hole bored in it, the vertical Hne must be drawn with the help of 
a plumb hne. The point of support is now shifted and the 
operation repeated. Since the centre of gravity of the plate is 
in both straight lines it must be located at their intersection. 

Plates of all Shapes Balance about their Centres of 
Gravity. — After the centre of gravity of a sheet of metal, or 
other material, has been determined by hanging it from a sup- 
port in the manner described in Experiment 84, it will be found 
that if it be so arranged that a pointed upright is immediately 
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under the centre of gravity, the plate will be supported in a 
horizontal position. This affords a convenient means of check- 
ing the correctness of the experiment performed. 

Geometrical Determination of Centres of Gravity. 
— It has been sufficiently explained that the centre of gravity of 
straight lines, circles, squares, and other regular figures is at 
their geometrical centres. Hence, the geometrical constructions 
for determining these central points also locate the position of 
their centres of gravity. 

The centre of gravity of a parallelogram is at the intersection 
of its diagonals. 

The centre of gravity of a triangle is determined by bisecting 
any two sides and joining the middle points so obtained to the 
opposite angles. The intersection, of the lines so drawn gives 
the centre of gravity. The centre of gravity is found, by 
measuring, to be one-third the whole lengfth of the line drawn 




ABC 

Fig. 1 10. — Geometrical illustration of centre of gravity of a triangular plate. 

from the middle point of the side, to the opposite angle away 
from the side bisected. 

We may, in fact, consider a triangular plate as made up of a 
number of narrow strips of material which decrease in length 
from the base to the apex. The centre of gravity of each strip 
is the middle of the strip ; hence the line drawn from the apex 
to the middle of the base passes through each centre of gravity. 
By taking another side as base, a similar line can be drawn from 
the middle to the opposite angle. These lines intersect at one- 
third the distance up the line so drawn, measured from the base, 
and the point of intersection is the centre of gravity of the 
triangular plate (Fig. no). 

To find the centre of gravity of a quadrilateral by construction, 
the plan is to divide it into two triangles by drawing a diagonal. 
By the method just described find the centre of gravity of each 
triangle and join the points so obtained. The centre of gravity 
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of the quadrilateral lies on this line. Repeat the process draw- 
ing the other diagonal, join the centres of gravity of the second 
pair of triangles, the centre of gravity of the quadrilateral lies 
on this line. Hence it is located at the point of intersection of 
this line and the first obtained in the same way. 

Centres of Gravity of other Bodies.— The method of 
drawing lines across the surface of a thin plate is not suitable 
in the case of bodies such as blocks or skeleton solids having 
three dimensions. Experiments (89^) and (89^) explain two 
methods which can be usefully employed in other cases. The 
ingenuity of the student will provide other equally suitable 
plans for particular cases. 

Equilibrium. 

EXPERIMENTAL WORK. 

90. Relation of Centre of Gravity of a Plane Figure fo Base of Support, 
— Place upon a square-edged table or board one of the cardboard figures 
of which you have found the centre of gravity. Gradually slide the 
figure near the edge until it would just topple over ; keeping it in this 
position draw a line along the under side of the cardboard where the 



Fig. III. — Conditions of equilibrium. 

edge of the table touches it. Then place the cardboard in another 
position and again mark where the edge of the table touches it when it 
would just topple over. The intersection of these lines is the centre of 
gravity, and it will be noticed that the cardboard would just topple over 
when the centre of gravity falls outside the edge of the table. 

91. Stable^ Neutral^ and Unstable Equilibrium. — Procure an oblong 
strip of board or cardboard (Fig. iii). Bore a hole through the oblong 
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near one end, and one through the middle. Support the strip as at A ; 
it is then in stable equilibrium, for the slightest turn either to right or 
left raises the centre of gravity. When supported as at B, the strip is 
in neutral equilibrium ; and when supported as at C it is in unstable 
equilibrium. 

92. Conditions of StabHUy. — See whether any of the cardboard figures 
used in the preceding experiments can be hung loosely from a pin with 
the centre of gravity above the pin. Try the experiment with the pin 
at different distances from the centre of gravity. In each case notice 
the direction of the line connecting the centre of gravity with the point 
of support when the figure comes to rest. 

93. Equilibrium of Objects Resting upon a Base, — (a) Procure an ob- 
long block of wood of about the same size as this book, and about three 





Fig. 112. — To illustrate the relation between centre of gravity and base of support. 

inches thick. Draw the two diagonals on one of the faces ; the centre 
of gravity of the block will be inside the block at a point below the 
intersection of the diagonals. Press a pin partly into the block at the 
{x>int where the diagonals intersect, and suspend from it a small plumb 
line made of a short piece of thread and a bit of lead (Fig. 112). Now 
place the block upon the board, and notice the direction of the plumb- 
line. Tilt the board until the block topples over. When this happens 
notice the direction of the plumb-line with reference to the base. It 
will be found by this experiment that the block topples 
over as soon as the plumb-line falls beyond the base. 

{b) Repeat the preceding experiment with thick 
blocks of wood triangular in shape, and with cylinders 
and cones. In this way show that a body is only in 
equilibrium when the centre of gravity i s vertically 
above some point of the supporting surface. 

(r) Stand with your left shoulder and left foot touch- 
ing a vertical wall. Now attempt to keep the right foot 
raised. Why can you not do so though you are able 
to keep the left foot raised ? 

(</) Try to balance a pointed pencil upon one of your f ^f"- 113- — The 
fingers. It is not easy to do so because a slight move- "b^iow^the'^TOint 
ment throws the centre of gravity of the pencil outside of support. " 
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the point ot support. Stick two pocket knives in the pencil as shown 
in Fig. 113. The centre of gravity of the combination is thus brought 
below the point of support and the pencil can therefore be kept upright 
without difficulty. 

Relation of Centre of Gravity to Base of Sup- 
port. — A circular disc, in which it will be remembered 
the centre of gravity coincides with the geometrical centre, will 
not rest upon a table if the centre is beyond the edge of the 

table, but will topple over. In 
a similar way if any plane figure 
lies flat upon a table the centre 
of gravity of the figure must be 
within the edge of the table. 
The same conditions apply to 
any object resting upon a sup- 
port. For an object resting 
upon a base to be in equilibrium, 
a vertical line drawn from the 
centre of gravity downward 
must fall within the base. When 
this vertical line falls outside the 
base the body topples over. 

Consider the case of an omni- 
bus on level ground. The centre 
of gravity is somewhere inside 
the omnibus and a vertical line 
drawn from it downwards would 
fall within a line traced around 
But if the outside of the omnibus 
is filled with people and the vehicle happens to be running 
across a sloping road, it might topple over, for a jerk might 
cause so great a change of position of the centre of gravity as to 
make the vertical line from the centre fall outside the base of 
support, and in such a case an accident must happen (Fig. 114). 
A man carrying a heavy load in one hand affords a familiar 
instance of the relation of the centre 01 gravity to the base of 
support. When he is without any load he stands upright and 
the centre of gravity falls within a line drawn around his feet. 
But when he carries a load the combined centre of gravity is not 
centrally placed above his feet but nearer the side carrying the 



Fig. 114.— If a vertical line from the 
centre of gravity falls outside the base 
of support, an omnibus will topple 
over. 

the omnibus upon the ground. 
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load than it was before, and the man leans to the other side 
in order to bring the centre of gravity again above his base 01 
support (Fig. 115). 

Bquilibrium.— When a body is at rest all the forces acting 
upon it balance one another (or, what is the same thing, any 
force is equal and opposite to the resultant of the remaining 
forces) and it is said to be in equilibrium. It is in stable equi- 
librium when any turning motion to which it is subjected raises 



Fig. t 15.— When a man is carrying a load he leans to the opposite side in order 
to keep his centre of gi avity above and within the base of support. 

the centre of gravity ; in unstable equilibrium when a similar 
movement lowers the centre of gravity and in neutral equi- 
librium when the height of the centre of gravity is unaffected 
by such movement. Consequently, if a body in stable equilibrium 
is disturbed, it returns to its original position ; if in unstable 
equilibrium, it will, if disturbed, fall away from its original 
position ; while if the condition of equilibrium is neutral it will, 
in similar circumstances, stay where it is moved to. 

A ball resting upon a table is in neutral equilibrium ; for when 
it rolls the height of the centre of gravity is not changed. 



gitized by Google 



I40 



EXPERIMENTAL SCIENCE 



CHAP. 



Conditions of Stability of Suspended and Besting 
Objects. — The centre of gravity is in every case below the 
point of support when the suspended object is in equilibrium. 
The greater the' distance between the point of support and the 
centre of gravity the greater is the tendency to return to the 
position of equilibrium. 

When the centre of gravity and the point of support of a 
suspended object are close together the equilibrium of the 
object is easily disturbed. A good balance partly owes its 
sensitiveness to this condition, the centre of gravity and point 
of support being designedly brought close together. 

It has been shown that in the case of a freely suspended 
object the centre of gravity is at its lowest point when the 
object is in equilibrium. Let us see how this applies to a body 
supported upon a surface below the centre of gravity. » 

A body is least liable to be upset when the centre of gravity is 
at a considerable distance from all parts of the edge of the base ; 

for when this is the case 
the body has to be tilted 
through a large arc be- 
fore the centre of gravity 
falls outside the base. 

A funnel standing 
upon its mouth is an ex* 
ample of a body which 
cannot be easily over- 
turned on • account of 
the low centre of gravity 
and its distance from the edge of the base (Fig. ii6, A). It is 
then in stable equilibrium. If the funnel is stood upon the 
end of the neck it can easily be overturned, because very little 
movement is required to bring the centre of gravity outside the 
base. It is then in unstable equilibrium. When the funnel lies 
upon the table it is in neutral equilibrium, for its centre of 
gravity cannot then get outside the points of support. 




Fig. xi6. — A funnel in (A) stable equilibnum, 
(B) unstable equilibrium, (G) neutral equi- 
librium. 



CHIEF 'POINTS OF CHAPTER IX. 

Centre of Gravity. — The point through which the resultant of the 
parallel forces, due to the weight of the individual particles of any mass, 
passes is known as the centre of gravity of the mass. 
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The centre of gravity of a body may be determined experimentally by 
allowing it to hang quite freely and when it has come to rest tracing a 
line through the point of support by means of a straight edge. 

Plates of all shapes balance about their centres of gravity. 

PoBitions of Centre of Gravity. — i. That of straight lines, circles, 
squares, and other regular figures, is at their geometrical centres. 

2. That of a parallelogram is at the intersection of its diagonals. 

3. That of a triangle is located on the line drawn from one of its 
angles to the middle point of its opposite side and at a distance of one- 
third of this line's length from that side of the triangle. 

Equilibrinin. — In a body at rest all forces acting upon it balance 
one another. It is in stable equilibrium wjien any turning motion to - 
which it is subjected raises its centre df gravity ; in unstable tquihbritim 
when any such motion lowers its centre of gravity ; and in neutral 
equilibrium when the height of the centre of gravity is unaffected by 
such movement. 

QUESTIONS ON CHAPTER IX. 

1. How would you determine the centre of gravity of an iron hoop 
made by joining together two semicircles, one thicker than the other ? 
Explain how the observations could be used to find out which was the 
thicker half of the hoop. 

2. How would you determine experimentally the centre of gravity ot 
a sheet of cardboard of irregular shape ? 

3. What do you understand by the centre of gravity of a body ? 

4. Describe an experimental method for finding the centre of gravity . 
of any body, e.g., a waste-paper basket. 

5. Where is the centre of gravity of a triangle located ? 

6. How could you find by a geometrical construction the centre of 
gravity of a circular plate, a square piece of cardboard, or any other 
geometrical figure ? 

7. When is a body said to be in equilibrium ? Distinguish between 
stable, unstable, and neutral equilibrium. What is the condition which 
determines the nature of the equilibrium ? 

8. Describe an experiment which exemplifies each of the terms in the 
preceding question. 

9. Give instances of bodies in stable, unstable, and neutral equilibrium. 

10. A piece of cardboard, nine inches long and six inches broad, is 
divided into six equal squares by means of a ruler and pencil. One of 
the two squares that are not comer squares is cut away with a penknife. 
Find the centre of gravity of the remaining piece of cardboard. 

11. A man with a bucket in one hand, stands with his feet close 
together. Why is it that in order to preserve his balance the man has 
to. stand with his body leaning to one side. Illustrate your answer by 
a sketch. 
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CHAPTER X 

WORK AND ENERGY 

Work 

EXPERIMENTAL WORK. 

94. Scientific Meaning of Work. — {a) Place a three-cornered file upon 
a table so as to form a fulcrum for a strip, or rod, of wood (a foot-rule or 
ruler will do) to be used as a lever. Let the lever rest near one end of 
the file ; place a mass of some kind upon this end. No work is done so 
long as the lever remains in this position. Raise the load by pressing 
down the free end of the lever. Work is now done because a force has 
acted through a certain distance. 

{b) Suspend equal masses from the ends of a string passing over a 
pulley as in Fig. 88. The masses remain at rest and no work is done. 
Move one of the masses down ; the other is pulled up, and work is thus 
done against gravity. 

Work. — Newton's first law of motion teaches us that a body 
at rest is only set in motion by the action of a force upon it, and 
also that a moving body only changes the direction of its motion 
or its speed, as the result of the action of a force. When a body 
moves from rest the continued action of the force upon it causes 
an acceleration in the body. 

In the case of a body already moving, though we have every 
right to argue that a change of direction or a change of velocity 
is the result of an external force, we cannot apply the converse 
statement and say that an external force acting upon a moving 
body causes a change of direction or of velocity, for in some 
instances the force may be entirely occupied in maintaining such 
motion in opposition to other forces acting upon it. Thus, when 
a ship is sailing with a uniform speed, the force of the wind is 
exhausted in maintaining this velocity by overcoming the resist- 
ance of the water. 

142 
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When a force acts in either of these ways it is said to do 
work ; that is, work is done by a force in setting a body at rest 
into motion and giving it a regularly increasing velocity ; or, by 
maintaining a uniform motion in opposition to the action of 
other forces. We may class all these forces acting in opposition 
to the force which is being considered under the inclusive name 
of resistance. 

We shall thus obtain for our definition of work the following 
statement :— Work is done by a force, either when it 
acts upon a body producing an acceleration in its 
velocity, or when it maintains a uniform velocity in 
a body in opposition to resistance. Or, more briefly, 
Work is done when the point of application of a force 
moves. A little consideration will convince the student that 
all instances of mechanical contrivances by means of which work 
is accomplished, come within the scope of our definition, as well 
as all other cases when we say in ordinary language that work 
is done. Take, for instance, a horse drawing a heavy weight 
along a road. Here the force exerted by the horse is used up in 
overcoming the resistance due to the road. A man raising a 
mass from the ground overcomes the resistance due to th6 body's 
weight. A body falling from a height under the influence of 
the earth's attractive force has work done upon it, with the 
result that its velocity increases according to a uniform accelera- 
tion of 32*2 feet per second in every second. 

Measurement of Work.— Referring to our definition of 
work it would seem as though we had. two kinds of work to 
measure, viz., the work of acceleration and the work against 
resistance. But since we can make a force perform either of 
these kinds of work according to the condition under which it 
acts, it is possible to measure either of them in the same units. 
An example will make this clearer. We can either allow a mass 
to drop from the hand and to move freely through the air with 
the uniform acceleration we have mentioned above until it 
reaches the ground ; or we can attach the mass to a string, pass 
the string over a cylinder, and allow it to move towards the 
earth with a small uniform velocity — a result which can be 
brought about by applying the necessary friction between the 
cord and the cylinder, that is by applying a resistance. The 
final result brought about is the same under both sets of condi- 
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tions ; but in the first case the work is of acceleration, while in 
the second it is work against resistance. 

Unless there is motion no work is done. If we put a weight 
upon a table or shelf, so long as the weight remains in one place, 
it evidently does no work, though it is capable of doing work by 
reason of its elevated position. 

For pi;actical purposes the unit of work which is adopted is 
the work done in raising the mass of one pound through one foot, 
and it is called the foot-pound. This is not a strictly constant 
unit for it will be evident, in the light of what has been said 
about the weight of a body, that where the weight is greater the 
^niount of work done will be greater. The unit of work will 
vary slightly in different latitudes in a precisely similar manner 
to that in which the weight of a mass varies. 

It will have been noticed that the question of time does not 
enter into an estimation of the amount of work done. It is 
manifest that the same quantity of work is accomplished whether 
a day is spent in raising a weight to a given height from the 
ground or only a minute. If we introduce the time taken to 
perform the work we begin to consider what is called the power 
of the agent. We should measure this power by the quantity of 
work the agent can perform in a given time ; or power is the 
rate of doing work and is measured by the work done in a 
second. Thus, engineers use the expression horse-power, by 
which they mean the. rate at which a good horse works. James 
Watt estimated this at 33,000 foot-pounds per minute, or 550 
foot-pounds a second. 

Generally, then, to find the amount of work performed by 
any force, we multiply the value of the force (expressed in 
suitable units) by the space through which it acts (using the cor- 
responding unit in measuring this quantity also). The following 
simple application of the rule will familiarise the student with 
the method for employing it : — 

How much work is done when an engine of mass 12 tons 
moves a mile on a horizontal road, if the total resistance is equal 
to a retarding force of 10 lbs. weight per ton ? 

The total resistance equals 12 x 10=120 lbs. weight, the dis- 
tance traversed is 5,280 feet. 

. • . Work done = ( 1 20 X 5,280) foot-pounds. 
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Energy. 

EXPERIMENTAL WORK. 

95. Energy of Afaving Bodies. — [a) Stretch a piece of tissue paper 
over the top of an empty jam-pot or large pill-box. Carefully place a 
bullet on the paper and notice the paper will support it. Now lift the 
bullet and allow it to drop on to the paper. It will be seen that the 
bullet pierces the paper. 

{b) Support a weight by a thin thread. Notice that though the thread 
will support a weight at rest it will be broken if the weight is allowed 
to fall. 

{c) Observe that a falling weight attached by a string to a spring 
balance extends the balance beyond the point which it indicates when 
the weight is at rest. 

Energy.— By the energy of a body we mean its power 
of overcoming resistance or doing work. All moving 
bodies possess energy. Moving air or wind drives round the 
sails of a windmill and so works the machinery to which the 
sails are attached ; it drives along a ship, thus overcoming the 
resistance of the water. The running stream works the mill- 
wheel, and the energy it possessed is expended in grinding corn. 
The bullet fired from a rifle can pierce a sheet of metal by over- 
coming the cohesion between its particles. 

All these examples are cases of the energy of moving bodies, 
or the energy of motion, or Kinetic Energy. Kinetic Energy 
is the energy of matter in motion. All energy which 
is not kinetic is known as Potential Energy. It is 
capable of becoming kinetic or active when the conditions 
become suitable. Imagine a mass raised from the ground and 
placed upon a high shelf. We know that to place the mass in 
this position we must expend a certain amount of work, which is 
measured by multiplying its weight by the height through which 
it is raised. Further, we know that just as soon as we release it 
from its position of rest, making it free to move, the mass will 
travel with an ever-increasing velocity until it reaches the ground. 
On the shelf the mass, by virtue of its position, possessed a 
certain amount of potential energy exactly equal to the work 
expended in placing it there. 

Similarly, an ordinary dining-room clock, which is worked by 
a spring, affords us an example of potential energy. The 
wound-up spring possesses potential energy exactly equal to the 
Ex. So. —I. I- 
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amount of work done in winding it up. This potential energy 
is being continually converted into kinetic energy as it becomes 
unwound in working the clock. 

The motion of a pendulmn affords an interesting 
example of the two forms of enei^y. At the end of its 
swing in the position A (Fig. 117), the bob of the pendulum 

possesses potential energy enough 
to carry it through half an oscilla- 
tion,^ that is, until it reaches its 
lowest position N, when the whole 
of the energy of position which it 
possessed at A is expended, as it 
can reach no lower position. But 
though it lacks potential energy, 
since it is a mass moving with the 
velocity it has gained in its passage 
from A to N, it possesses energy 
of motion, or kinetic energy, enough 
to carry it up to its next position 
of rest at A' — where the only 
Fig. 117.— Pendulum in oscillation, energy it will have will be again 

potential. Through the next oscil- 
lation from A' to A it will pass through just the same trans- 
formations again. 

At any point in the swing the pendulum will possess a certain 
amount of energy due to position and a certain amount due to 
motion, but the total amount of energy — the sum of the potential 
and the kinetic energy — is always the same, the loss of one form 
of energy being exactly equalised by the gain of the other. 

Forms of Energy. — A body may possess energy due tr 
other causes than that of the actual motiori of the body as a 
whole. When it is in rapid vibration, or when it is heated, or 
when it is electrified, it is endowed with energy in consequence 
of these conditions. But when a body is in rapid vibration it 
gives out sound or becomes a sounding body, hence we may 
regard sound as a form of energy. We shall see that work may 
be done by the passage of heat from a hot body to a cold one, 
and, in consequence, heat is properly regarded as another form 
of energy. An intensely hot body emits light, hence it would 

1 Some physicists regard the motion from A to A^ as half an oscillation. 
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seem that light and heat have a common cause, and that we 
must also regard light, like heat, as a manifestation of energy. 
When a body is electrified it has the power of attracting un- 
electrified and certain electrified bodies also, and when such 
bodies are attracted as a result of this electrification, we see that 
electrification must similarly be looked upon as still another 
kind of energy. But it must be borne in mind that electrification 
is not electricity. Then, too, there is' the attraction of mag- 
netism, which is capable of accomplishmg work, and hence must 
likewise be looked upon as a form of energy. Chemical com- 
binations, again, are always accompanied by the development 
of heat, and resulting as they do from the chemical attraction 
of two more or less unlike forms of matter, we shall be right in 
saying chemical combinations are always accompanied by energy 
changes, and so in regarding chemical attraction as another kind 
of energy. In addition to the energy of moving bodies 
we have energy manifested as sound, heat, light, 
electrifLcation, magnetism, and chemical action. 

Bearing this in mind, it will perhaps assist the student to 
grasp the enlarged conception of energy which is here presented 
to him, if he regards energy as being a capacity for producing 
physical change. 

Heat as a Form of Energy. 

EXPERIMENTAL WORK. 

96. Heal appears when Motion is Destroyed. — {a) Procure a piece of 
lead in the form of a sphere (about the size of a marble) with a neck or 
hook upon which a piece of string can be fastened. Tie a piece of 
string iirmly to the neck, and while holding the string strike the spnere 
several times smartly on an iron plate. The sphere becomes warmer 
than it was before the experiment. 

{b) Hammer a piece of lead, or saw wood, or bore a gimlet into a 
piece of wood, and test the temperature of the lead, saw, or gimlet, 
before and after the experiment. 

[c) Rub a brass nail or button on a wooden seat, and notice its 
increase of temperature. 

{d) Strike a match ; it ignites in consequence of the heat developed 
by the friction. 

97. Heat often disappears when Motion is Produced. — {a) Allow air, 
which having been compressed into a cylinder or bicycle tyre has again 
assumed the temperature of the air, to come in contact with a ther- 

L 2 
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mopilci or other means of measuring changes of temperature, such as 
a delicate thermometer. Notice the cooling of the compressed air 
when allowed to escape. 

Heat as a Form of Energy.— Heat was not always 
regarded in this way. It was originally thought to be a fluid 
called Caloric, and it was supposed that a piece of hot iron 
differed' from a cold piece in having entered into some sort of 
union with this fluid, l&ut, since the experiments of Rumford, 
we can no longer doubt that heat is not material, but a form of 
energy, Rumford boiled water by the heat developed by the 
friction between two metal surfaces which he rubbed together ; 
and he found that the amount of water he could bring to the 
boiling temperature depended only on the amount of work he 
expended in rubbing. Since he could obtain an indefinite 
amount of heat from two definite masses of metal, it was quite 
clear that heat could not be matter, which, as we have seen, 
cannot be created. Davy made the truth even clearer, by ob- 
taining heat enough to melt ice by simply rubbing two pieces of 
this solid together. They were both cold or without caloric ; 
and since heat could be obtained by rubbing even these together, 
it was quite certain that heat could not be a fluid. Joule went a 
step further and measured the amount of work which must be 
done to obtain a given quantity of heat ; or, as we say, he 
measured the mechanical equivalent of heat. 

Some examples which will be familiar to the student will 
provide him with proofs of the statement that heat and work 
are convertible. When a brake is applied to the wheels of a 
train as it stops at a station, it is a common thing to see sparks 
fly. The resistance of friction which overcomes the motion of 
the train causes a sufficient amount of heat to be developed to 
raise the particles of steel, which get rubbed off, to a red heat. 
Similarly, when a bullet strikes a target, the heat is developed 
in consequence of the conversion of the kinetic energy of the 
bullet into molecular energy. By continually hammering a piece 
of iron on an anvil it can be made too hot to hold in the hand, 
the energy expended being converted into heat. 

When we rub a lucifer match along a rough surface the heat 
into which the work is converted is enough to ignite the match. 
In all these cases mechanical work is converted into heat. The 
converse is true also ; heat is convertible into work. - In the 
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steam-engine the heat of the furnace changes the water in the 
boiler into steam. The steam forces the piston along the 
cylinder, and this movement of the piston in a straight line is 
converted into the circular motion of a fly-wheel ; or is used, 
through the intervention of suitable mechanism, in pumping 
water or performing some other kind of work. The steam which 
enters the cylinder is hotter than that which leaves it for the 
condenser. Thus, we see, part of the heat of the steam has 
been converted into useful work and parts of it have been lost 
to the condenser, the air, &c. 

The Energy of Radiant Heat qjid Light.— We shall 
learn more fully later the reasons we have for regarding these 
as being of the same nature. We refer under this heading to 
those forms of energy which travel through space where, as we 
know, there is no air to convey them in the way in which sound 
is transmitted. But in order to understand the transmission of 
these forms of energy it is necessary to imagine the existence 
of a medium which is referred to as the luminiferous €ther, or 
more shortly as the "ether." Certain experiments and obser- 
vations by different investigators leave no doubt of the existence 
of this medium, vibrations in which cause light and radiant 
heat. Sound passes through air by the to and fro vibration, in 
turn, of the air particles, in the form of a wave as it is called. So 
radiant heat and light pass through the ether by the successive 
motions of the constituent molecules of the ethereal medium. 

This takes place with astonishing quickness, for light travels 
about 186,000 miles per second, or something like 7 J times 
round the earth in this small interval of time. Nor does the 
ether fill inter-stellar space alone, for it must exist in the inter- 
stices of those bodies through which radiant heat and light can 
pass, or how else can light pass through a transparent body, 
or radiant heat through substances like rock-salt ? 

Radiation can be converted into work, but in a less direct 
manner than is the case with ordinary heat. It must first be 
absorbed, and heat some material body causing its molecules 
to oscillate in the manner we have described. This form of 
heat, we have seen, has a mechanical equivalent, and we can fairly 
argue that, if the whole radiation is absorbed, the mechanical 
equivalent of the absorbed heat is an exact measure of the 
energy of the radiation. 
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The Energy of Electrification and Electricity in 
Motion. 

EXPERIMENTAL WORK. 

98. Energy of Eleclrification, — {a) Suspend a pith-ball by a silk 
thrjad to a bent wire, as is shown in Fig. 118. Rub a rod of sealing- 
wax with fur and touch the pith- 
ball with the rod. Notice that 
after the contact it is impossible 
to make the ball come to the rod. 
They repel one another. 

{b) Having touched the pith-ball 
with the rod o^ sealing-wax, which 
has been rubbed with fur as in the 
last experiment, bring near to it a 
rod of glass which has been rubbed 
with dry silk. Notice that the ball 
is attracted towards the glass rod. 

99. Energy of Electricity in 
Motion. — {a) Examine an incan- 
descent electric lamp. The passage 
of the electric current through the 
filament causes the filament to be- 
come white hot. 

{b) If possible, connect the wires 

from the carbon and zinc poles of 

a Bunsen's battery to the ends of 

a thin piece of platinum wire. Notice that when the circuit is closed 

the platinum wire becomes red hot. 

{c) Remove the platinum wire of the last experiment and twist the 
copper wires together. Hold the connected wires above a magnetic 
needle, and notice that the needle is set in motion. 

Energy of Electrification.— We are careful not to speak 
of electricity as a form of energy, for whatever electricity maybe 
it certainly is not energy. Though it would be very interesting 
to discuss the nature of electricity it does not come within the 
scope of our subject. The experiments with the pith-ball show 
that we are right in regarding electrification as a manifestation 
of energy. 

What is the significance of these experiments ? In both cases 
the pith-ball moves through a certain distance under the influence 
of a force, in one case of repulsion, in the other of attraction, 
and in consequence work is done. In certain circumstances, as 
in the discharge of a Leyden jar, the energy of electrification 




Fig. 118.— Electrical attraction. 
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becomes manifest in the form of a vivid spark and a slight ex- 
plosive sound. 

Electricity in motion constitutes what is known as the 
electric current, and of its capability of doing work the student 
has abundant evidence in the heat and light of an incandescent 
electric lamp, where the passage of the current through a 
wire, which offers considerable resistance to its passage, causes 
the wire to become sufficiently hot to be utilised as a source of 
light. 

It will be very instructive to consider briefly the case where 
the electric current is formed as the result of chemical action in 
a battery, and is thence passed by wires to a lamp of the kind 
mentioned. This is the ordinary condition of things as already 
described ; but imagine the lamp left out and the battery made 
to work simply through an ordinary copper wire which presents, 
little resistance. The current has no work to do beyond heat- 
ing the wire, and the energy of the current is almost wholly 
expended in heating the liquids and other parts of the battery, 
which is of course a very undesirable waste of energy. 

Instances of the conversion of the energy of the electric 
current into mechanical work will doubtless have come under the 
student's attention. 

Other forms of energy can be converted into that of electrifica- 
tion and of electricity in motion. If certain crystals, e.g.^ tourma- 
line crystals, are heated, it is found that they become electrified, 
one part of the crystal exhibiting electrification of the kind 
developed when sealing-wax is rubbed with fur, another exhibiting 
the kind obtained by rubbing glass with silk. 

Heat can give rise to electric currents. If a piece of the metal 
antimony is soldered to a piece of the metal bismuth and heat is 
applied to the junction, it is found that an electric current passes 
from the bismuth to the antimony. 

Energy of Chemical Action. 

EXPERIMENTAL WORK. 

Abundant instances of chemical action will be found in later chapters ; 
it will be sufficient to here give one or two simple cases. 

100. Heat Produced by Chemical Action, — (fl) Place a small piece of 
dry phosphorus ^ on a plate, and a short distance from it a few grains of 
1 Great care must be used in handling phosphorus, as it is easily ignifsd. 
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solid iodine. Nothing happens. By means of a glass rod push the 
piece of phosphorus on to the iodine, and notice that when they come 
into contact the phosphorus inflames and dense fumes are formed, which, 
as will be understood after reading the chemical section of this book, 
are a compound of phosphorus and iodine. 

(d) Notice the heat of the flame of the laboratory burner, where 
certain chemical actions are going on, which are described in a later 
chapter. 

Energy of Chemical Action.— In speaking of heat as a 
form of energy we took the example of the work done by an 
engine as the result of the heat from the furnace ; but we can now 
push our inquiry a step further back. What causes the heat of the 
furnace ? Evidently the burning of the coal, which, as we shall 
learn, is nothing more than chemical action. The coal enters into 
a chemical combination with one of the constituents of the atmo- 
sphere, and in doing so, heat is evolved, as it is, indeed, in all 
cases of chemical combination. 

But as we shall soon have occasion to study many cases of 
chemical action, we need not spend much space over the matter 
here, though it must be pointed out that, just as in all the other 
instances of energy we have studied, not only is it true that 
chemical action is accompanied by changes of energy, but 
also that it can result from these other forms. Light can be 
made to bring about chemical action, as it does in the case of 
the exposed photographic plate. Electric separation or the 
energy of electrification also causes chemical action, as will be 
seen later. 

Transformation of Energy.— We have learnt that one 
kind of energy can cease to exist in that particular form, and 
can assume another condition. We have seen that the energy 
of moving bodies can give rise to sound and heat ; that heat 
can be changed into the energy of moving bodies, electric cur- 
rents, and chemical action. Indeed, one form of energy can 
assume almost any other form. The general tendency of all 
forms of energy is gradually to get converted into heat. When 
this change has become complete and all the energy of the 
universe exists as heat at the same temperature, there will be 
no further transformations possible. Consequently no work or 
any kind will be possible, which means there will be no life, 
no movement of bodies from place to place, but universal 
calm 
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Conservation of Energy.— We have seen that matter 
cannot be destroyed ; we have now to learn that energy is in- 
destructible. The total amount of energy in the universe 
remains the same. One form may be changed into another, but 
we can create no new energy. We may be unable to trace and 
account for some of it in the numerous transformations which it 
undergoes, but we are sure, from many considerations, that if 
our methods of experiment were only refined enough, we should 
be able to account for the whole amount. 

The great source of energy in the solar system is the sun. It 
is from the sun that we are continuously receiving streams of 
energy in the form of radiation, which are continually assuming 
the various other forms of energy we have considered. Return- 
ing once more to our steam engine, we have traced back the 
work it does to the chemical combination of the coal with a part 
of the atmosphere. Or, putting the case in another way, we have 
seen that there exists a certain amount of potential energy in 
the coal and atmosphere which is capable of becoming kinetic 
as soon as the temperature at which the coal can combine with 
oxygen has been reached. Whence comes the potential energy 
of the coal ? Coal results from the compression of vegetable 
material which lived and flourished on the earth ages and ages 
ago. This vegetable material formed the tissues of mosses and 
other similar plants, which in the presence of sunlight have the 
power, by virtue of the green colouring matter they contain, of 
decomposing one of the gases of the atmosphere, carbon 
dioxide, splitting it up into its elements, carbon and oxygen, 
reserving the former for themselves and returning the latter to 
the air.i 

This carbon unites with the elements of water (contained in 
the plants) forn^ing compounds which build up the tissues of 
which the plant is constructed. The tissues of the plant re- 
present from our point of view the work done in splitting up the 
carbon dioxide by absorbing the energy of radiation. They still 
represent this energy when they have assumed the condition of 
the coal, and it is in this sense that coal is poetically referred to 
as " bottled sunshine." 

If the earth receives so great an amount of energy from the 
sun, it is easy to understand that the total quantity of energy 

1 The student must remember to re-read this after studying th« Chemistry Chapters. 



gitized by Google 



154 



EXPERIMENTAL SCIENCE 



CHAP. 



which is given out by the sun must be enormously greater. But 
this radiation from the sun's surface is continually going on ; 
that is, the sun is constantly losing energy, and this cannot go 
on indefinitely without the loss being made good. How is the 
energy of the sun maintained .•* It has been suggested that the 
heat generated by the impact of the meteorites which fall upon 
the sun in great numbers is capable of accounting for this 
energy ; and that in addition to this a slight shrinkage of the 
sun's mass in cooling evolves a large amount of energy. But 
interesting as this subject is we cannot pursue it further here. 



Chief Points of Chapter X. 

Work is the act of overcoming resistance, or causing change of 
velocity. 

The Principle of Work. — Work is done by a force when Ihe point of 
application moves through any distance. 

Work done = force x distance. 

A Foot-pound is the work done when a force equ^l to the weight oi 
one pound is exerted through a distance of one foot in the direction of 
the force. 

Power, or the rate of doing work, is measured by the number of foot- 
pounds produced in a given time. A horse-power is equal to 33,000 
foot-pounds per minute. 

Energy is the ability to do work. 

Energy. 



I 

Kinetic, 

due to motion, 

shown by a moving 

cannon ball and a 

flowing river. 



Manifestations 
of 

Energy. 



Potential, 

due to position, 

as a mass at the top 

of a tower and a 

wound up spring. 

Ileaf^ produced by motions of molecules. 
Radiationy due to vibration set up in the ether, 

and producing the effects of radiant light, 

heat, &c. 
Electrification^ evidenced by the action of elec- 
trified bodies upon one another. 
El'ctricity in motion, as in the electric current, 

which can be transformed into light, heat, or 

motion. 
Chemical action, used to produce light and heat 

when a fire bums, and to produce motion in a 

gas-engine. 
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Conservation of Energy. — Energy is never lost, but only changed in 
form, and whatever transformations take place, the sirai total of kinetic 
energy and potential energy remains the same. 



Questions on Chapter X. 

1. Energy may be defined as the ability to do work. Give instances 
to show that heat, electricity and chemical action are forms of energy 
thus described. 

2. When a brake is applied to a wheel of a moving train, red-hot 
sparks are seen. What are these sparks, what is the source of their 
heat, and why do they soon disappear ? 

3. How would you prove that the destruction of the visible motion 
of a body is often accompanied by the appearance of heat ? 

4. Define the meaning of the word " energ}'," and give three or four 
examples to prove that a moving body possesses energy. 

5. Name some forms of energy, and give instances of transformation 
of energy from one form to another. 

6. In the case of a shot fired at a target, state {a) why the velocity 
of the shot changes ; and (d) why the target is made hot where the shot 
strikes it. . 

7. Define work, and describe an experiment to prove that a falling 
ball is capable of doing work. 

8. Explain the terms power of an agent and horse-power. 

9. Describe an experiment which indicates that ** Heat is a form of 
Energy." 

10. How would you prove that " when bodies are electrified they 
are endowed with energy and can produce motion and heat " ? 

11. Define the meaning of the word "energy,'* and give three or 
four examples to prove that a moving body possesses energy. 

12. What is the meaning of the terms velocity, mass, force, work, 
energy, inertia? 

13. Explain the terms "foot pound" and "horse-power." How 
much work is done in raising 25 weights of 56 lbs. each from the ground 
to a height of 4 feet ? 

14. The point of a gimlet with which a hole has been bored is found 
to be hot. How do you explain this? Give other instances of the 
same sort. 

15. Describe experiments to show that energy of motion can be 
converted into heat. 



gitized by Google 



CHAPTER XI 



EFFECTS OF HEAT. THERMOMETERS. 



Effects of Heat. — If we make a thing hotter and hotter, 
we are able to notice several changes in it. These changes are 
of three kinds, namely ; 

(i) Change of size; (2) Change of state; (3) Change of 
temperature. 

Change of Size. 

EXPERIMENTAL WORK. 

lOl. Expansion of Solids. — {a) Procure an iron or brass rod about 

six inches long which fits into a ** gauge" cut out of a sheet of thin 

brass, as shown in Fig. 119. Observe that the metal rod just fits the 

gauge. Heat the rod by a spirit lamp or 

laboratory burner. The rod is now too 

large to go into the gauge. 

{b) Place a heavy mass on one end of 
the iron bar resting upon one of two blocks, 
as in Fig. 120. Let the other end bear 
upon the needle placed upon the other 
block and having the straw pointer fixed 
to it. Heat the bar with a flame and 
notice that the pointer moves on account 
of the expansion of the iron. 

{c) Solder together side by side a brass 
wire and an iron wire, each about two feet 
long. Hammer the compound wire straight, 
and notice how it bends when heated. 

{d) Fuse a piece of platinum wire 
through the side of a glass tube, and notice 
that the glass does not crack on cooling. The platinum and glass 
expand about the same amount for a given increase of temperature. 

156 




Fig. 119.— The xkAAB will fit 
into the gauge C D when 
it is cold, but it is too large 
when hot. 
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102." Expaffston of Liquids.— {a) Procure a 4 oz. flask and fit it with 
cork. Bore a hole through the cork and pass through it a long glass 



Fig. 120. — A flat bar of metal having one end kept from moving by a heavy mass is 
heated, and the other end moves the pointer, because the bar gets longer. 



tube which fits tightly. Fill the flask with water coloured with red ink. 
Push the cork into the neck of the flask and so cause the coloured 
water tk) rise up the tube. See that there is no air between the cork 
and the water. Now dip the flask in warm water, and notice that the 
liquid gets larger and rises up the tube (Fig. 121). 
Take the flask out of the warm water, and see 
that the coloured water gets smaller as it cods 
and that it sinks in the tube. 

{b) Fit with corks the necks of three 4 oz. 
flasks. Fit tightly into the corks three narrow 
glass tubes open at both ends. Fill the flasks 
with water, alcohol, and oil of turpentine re- 
spectively. Push in the corks till the liquid 
stands in each tube at the sam^ height.: Put 
all three flasks to the same depth into a vessel 
of warm water. Notice that the expansion of 
the glass causes a momentary sinking of the 
liquids ; and that ultimately the expansions are 
very different. 

103. Expansion of Gases, — [a) Procure a well- 
made paper bag and tightly tie a piece of tape 
round the open end. Hold the bag in front 
of the fire and notice that the air inside gets 
larger and inflates the bag. 

{b) Or, bbtain a flask with a cork and tiibe, 
as in Fig. 122. Remove the cork and tube, and, by suction, draw a 
little red ink into the end of the tube near the cork. Re- insert the cork 




Fig. 121.— The expan- 
sion of a liquid. 



gitized by Google 



158 



EXPERIMENTAL SCIENCE 



and gently warm the flask by clasping it in your hands. Notice that 
the air in the flask gets larger and pushes the red ink along the tube. 

(c) Turn over and place the open end of the tube beneath the surface 
of some coloured water in a beaker. Warm the flask with the hand 

or a flame so as to expel some of the 
air, and let the liquid rise in the 
stem, Fig. 122. This constitutes an 
Air Thermometer. 

{(/) Fit a 2 oz. flask with a tight 
cork through which a tube passes, 
the upper end of which is bent 
down and then up at the end. 
Clamp the flask so that the end of 
the tube dips under water in a basin. 
Fill a test-tube with water, and 
invert it over the end of the tube. 




Fig. 122. — Experiments to show the 
expansion of air by heat. 



Fig. 123. — A simple form of differential 
thermometer. 



Warm the air in the flask, and collect the expelled air in the test-tube. 
(e) Fasten two bulbs or flasks together (air-tight) by a tube bent six 
times, at right angles, and containing some coloured liquid in the middle 
bends Fig. 123. Show that the liquid moves if one flask is warmed 
more than the other. (This instrument is known as a differential 
thermometer. ) 

Change of Size. Expansion.— As a rule all bodies, 
whether solid, liquid, or gaseous, get larger when heated, and 
smaller when cooled. 

The change of size which a body undergoes is spoken of as 
the amount it expands or contracts ; or heat is said to cause ex- 
pansion in the body. This expansion is regarded in three ways. 
When we are dealing with solids, we find we obtain expansion 
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in length or linear expansion, expansion in area or superficial 
expansion, and expansion in volume or cubical expansion. In 
the case of liquids and gases, we have only cubical expansion. 
Similar terms can be used with reference to contraction. 

The expansion which substances undergo when heated has to 
be allowed for in many things. Railway lines, for instance, are 
not placed close together, but a little space is allowed between 
the ends of each length of the rails, so that the rails can expand 
in summer without meeting. Steam pipes used for heating 
rooms are also not firmly fixed to the walls at both ends, but 
are left slightly loose or are loose-jointed, so that they can expand 
or contract without doing any damage. For the same reason 
the ends of iron bridges are not fixed to the supports upon which 
they rest. Iron tyres are put on carriage wheels by first heat- 
ing the tyre and, while it is hot, slippirig it over the wheel. As 
it cools it contracts and clasps the wheel very tightly. 

The common occurrence in domestic life of the cracking of 
thick glasses when boiling water is poured on them, is to be 
explained by this expansion of solids by heating. The part of 
the glass with which the hot water comes into contact is heated 
and expands, but the effect is quite local, the heating is con- 
fined to one spot because glass does not allow heat to pass 
readily through it. It is this local expansion of the glass which 
results in the cracking of the vessel. 

Change of State. 

EXPERIMENTAL WORK. 

104. Change of State produced by Heating. — {a) Melt wax or lead in 
an iron spoon. 

{b) Refer to experiments 17-21 on Change of State. 

Change of State. — It has been explained in Chapter I. 
that substances exist in three states, namely, solid, liquid, and 
gaseous. By. the action of heat a substance may be changed 
from one state to another. Wax, for in-stance, is usually a solid, 
but by heating it it becomes a liquid. Butter can in the same 
way easily have its state altered from solid to liquid. Lead and 
zinc are also melted when heated, but they require a hotter 
flame than wax or butter. 
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A good example of the changes of state produced by heat is 
obtained by heating a piece of ice until it becomes water, and 
then heating the water until it passes off into steam or water 
vapour. Here the same form of matter is by heat made to 
assume three states ; in other words, ice, water, and steam are 
the same form of matter in the solid, liquid, and gaseous state 
respectively. 

Change of state includes changes in the physical condition 
known as liquefaction or becoming liquid, and vaporisation or 
becoming converted into vapour. Thus, if we heat ice it first 
liquefies or becomes water, and is then vaporised or becomes 
steam. 

In a later chapter we shall have to return to the study of this 
" Change of State," and consider the amount of heat which is 
necessary to effect the changes we have briefly described. 

Temperature and Thermometers. 

EXPERIMENTAL WORK. 

105. The Sense of Feelino may be Deceived. — Arrange three basins in 
a row (Fig. 124) ; into the first put water as hot as the hand can bear. 



THE WATER THE WATER 

FEELS COLD FEELS HOT 

TO THIS HAND TO THIS HAND 




HOT WATER LUKEWARM WATER COLD WATER 

Fig. T24. — The sense of feeling cannot be depended upon to tell the 
temperature of anything. 

into the second put lukewarm water, and fill the third with cold water. 
Place the right hand into the hot water and the left into the cold, and 
after half a minute quickly put both into the lukewarm water. The 
right hand feels cold and the left hand warm while in the same water. 

106. Measuring Temperature.— {a) Place the flask of water, with 
fitted tube used in Experiment 102 \a), in hot water (Fig. 121), and 
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notice the height of the liquid in the tube. Transfer it 

to cold water, and. observe that the liquid in the tube 

sinks. 

{d) Procure an empty thermometer tube, with a bulb at 

one end. (If a blowpipe is available a bulb can easily be 

blown upon one end 
of the tube by melt- 
ing the glass in the 
flame, and blowing 
down the open end 
while the other end 
is molten. ) Heat the 
bulb, and while it is 
hot dip the open end 
in mercury. As the 
bulb cools mercury 
will rise in the tube 
to take the place of 
the air driven out 
by the heat. Repeat 
the operation until 
the mercury fills the 
bulb and part of the 
stem. 

(c) Place in hot 
water the bulb of the 




Fig. 125. — After heating the bulb as 
shown, the open end of the tube is 
placed in mercury, which rushes in 
and fills the bulb and tube. 



mstrument just con- 
structed, and make a 
mark at the level of 
the mercury in the 
tube. Now place the 
instrument in cold water, and notice that the mercury 
sinks in the tube. The mercury is thus seen to expand 
when heated and contract when cooled, and if the glass 
were marked the degree of hotness or coldness could be 
shown by the position of the top of the mercury. 

{d) Examine a thermometer. Notice that it is similar 
to the simple instrument already described, but the top 
is sealed up, and divisions or graduations are marked upon 
it, so that the height of the mercury in the tube can be 
easily seen. These divi::ions are called degrees (Fig. 126). 

Feeling of Heat and Cold.— Some people 
feel cold at the same time that others feel warm. 
You can therefore easily understand that the sense 
of feeling cannot be depended upon to tell us ac- 
curately whether the air or any substance is hot or 
cold. Some instrument is needed which does not 

Ex. Sc— I. 



^ 



WO"" 
100 



so 






Fig. 126.)— a 
thermometer 
having de- 
grees marked 
upon the 
stem. 

M 
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depend upon feeling, and cannot be deceived in the way that 
our senses can. Such an instrument is called a thermometer, 
and it is used to measure temperature, that is, the degree of 
hotness or coldness of a body. 

How Expansion may indicate Temperature.— You 
have already learned that substances usually expand when 
heated and contract when cooled. A flask filled with water, for 
instance, and having a stopper through which a glass tube 
passes, can be used to show the expansion produced by heat 
and the contraction by cold. But this flask and tube make but 
a very rough temperature measurer. The water does not get 
larger to the same amount for every equal addition of heat. 
Neither is it very sensitive, that is to say, it does not show very 
small increases in the degree of hotness or coldness, or, as we 
must now learn to say, it does not record very small differences 
of temperature, and for a thermometer to be any good it must 
do this. Then, too, as every one knows, if we make water very 
cold it becomes ice, which, being larger than the water from 
which it is made, would crack the tube. For many reasons, 
therefore, water is not a good thing to use in a thermometer. 

Choice of Things to be used in a Thermometer. 

1. The substance used should expand a great deal for a small 
increase of temperature. 

Gases expand most, and solids least, for a given increase of 
temperature. Liquids occupy a middle place. The most deli- 
cate thermometers are therefore those where a gas, such as air, 
is the substance which expands. But in common thermometers 
a liquid, either quicksilver or spirits of wine, is used. Both these 
things expand a fair amount for a given increase of temperature, 
and, to make this amount of expansion as great as possible, they 
are used in fine threads by making them expand in a tube with 
a very fine bore. 

2, If a liquid is used it should not change into a solid unless 
cooled very much^ nor into a gas unless heated very much. 

We cannot be sure of both these things in the same thermo- 
meter. When we want to use our thermometer for measuring 
great degrees of cold we use one containing spirits of wine, be- 
cause this liquid has to be cooled a very great deal before it is 
solidified, that is, made into a solid. But we cannot use this 
thermometer for any great degree of temperature, because it 
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is soon completely changed into a vapour when heated to only 
a comparatively small extent. If we wish to measure higher 
temperatures we use a quicksilver or mercury thermometer, 
because mercury can be warmed a good deal, or, as it is better 
to say, raised to a high temperature, without being changed 
into a gas. 

3. The liquid should be in a fine tube of equal bore 
with a comparatively large bulb at the end. 

We have seen that liquids have to be contained 
in some sort of vessel or else we cannot keep them 
together. We know, too, that we must have a fine 
bore, so that the liquid may appear to expand very 
much for a small change of temperature. The bore 
must be equal all the way along, that is, the width 
or diameter of the inside of the tube must be the 
same all the way along, so that a given amount 01 
expansion in any part of the tube shall mean the 
same change of temperature, and, lastly, there must 
be a large bulb, so that there is a large surface to 
take the same temperature as that of the body the 
temperature of which we wish to measure. 

Reasons why Mercury is used for Ther- 
mometers. — There are many reasons for select- 
ing mercury as the liquid for an ordinary thermo- 
meter in addition to those already mentioned. It 
is a liquid the level of which can be easily seen ; 
it does not wet the vessel in which it is contained ; 
it expands a considerable amount for a small incre- 
ment of temperature ; it is a good conductor of 
heat, and consequently it very quickly assumes the 
temperature of the body with which it is placed in 
contact. Very little heat is required to raise its 
temperature, and there is therefore very little loss of H 

heat due to warming the thermometer. „ . 

^ J J . A mi M ,* . Fig. 127 —A 

Construction of a Thermometer.— Havmg stage in the 
selected a suitable piece of thermometer tubing, a ofTtiwTmo" 
bulb must be first blown' on one end. The glass is meter, 
melted at this end and allowed to run together and 
so close up the bore, and while the glass is still molten, air is 
blown down the tube from the other end, keeping the tube 

M 2 
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moved round, so that the bulb is symmetrically placed with 
reference to it. The bore of the tube is so fine that it is im- 
possible to pour the liquid down it ; some other plan must 
therefore be adopted. The tube is warmed and inverted in 
some of the liquid. The top of the tube is usually blown 
into a funnel shape as shown at A in Fig. 127, and liquid with 
which the thermometer is to be filled is put into it. Let us 
suppose mercury is being used. Warming the tube makes the 
air inside it expand, and of course some is driven out. As the 
tube cools the mercury is forced in by the weight of the atmo- 
sphere to fill the place of the expelled air. By repeating this 
alternate process of warming and cooling, in the circumstances 
we have described, enough mercury is soon introduced into the 
tube. The next step is to seal up the tube, leaving no air above 
the mercury ; to do this the bulb is heated to a temperature 
slightly higher than that which the thermometer will be used to 
register. The mercury expands, and when it has reached the 
drawn out part, B, of the tube, a blowpipe flame is directed against 
it, and the tube is thus closed up. This method of closing a tube 
and keeping the air out is called hermetically seahng it. The 
thermometer at this stage should be put on one side for some days 
at least, in order that it may assume its final size, which it does 
very slowly indeed. The thermometer will now look like one 



Fig. 128. — Thermometers before graduation. 

of those in Fig. 128, according to the shape of the bulb which 
has been blown. 

Graduation of Thermometers. 

EXPERIMENTAL WORK. 

107. The Temperature of Melting Ice. — {a) Take some pieces of clean 
ice in a beaker or test-tube and plunge a thermometer amongst them. 
Notice the reading of the thermometer ; it will be either no degrees 
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(o") or very near it.^ Warm the beaker or test-tube, and observe that 
as long as there is any ice unmelted the reading of the thermometer 
remains the same. 

(d) Repeat the experiment with pieces of some other blocks of ice, and 
observe the important fact that the tempera- 
ture of clean melting ice is the same in all 
your tests. 

1 08. Efec^ of adding Salt to the Ice,— 
{a) Add salt to the melting ice, and notice 
that the thermometer indicates a lower 
degree of temperature. 

109. The Temperature of Boiling Water, 
— {a) Boil some distilled water in a flask, 
test-tube, or beaker, and plunge a thermo- 
meter in the boiling water. Notice the 
temperature. Raise the thermometer until 
the bulb is just out of the water and only 
warmed by the steam. Again record the 
temperature. In both cases the reading is 
the same. It is either one hundred degrees 
(100**), or very near it, if you use a thermo- 
meter with Centigrade divisions. 

{b) Repeat the experiment with a second 
lot of pure water, and note that the tempera- 
ture of boiling water is again 100°. 

{c) Add salt to the water. Hold a ther- 
mometer in the steam of the boiling water, 
and notice that the temperature is the same 

as before, namely, 100". Push the thermometer into the water, and 
notice that a higher degree of temperature is indicated. 

{d) Again place the thermometer in clean ice in a test-tube or 
flask. Gently heat the vessel, and notice the following changes : — 

(1) The mercury remains at o* until the ice is all melted. 

(2) When the ice is melted the mercury rises gradually until 
reaches 100°. 

(3) The mercury remains stationary at 100° until all the water 
boiled away. 



Fig. 129. — The water in the 
test-tube is boiling. Steam 
is coining out of the tube, 
and the thermometer is 
being heated by it. 



It 



no. A Thermometer cannot be deceived. — {a) Arrange three basins of 
cold, luke-warm, and hot water side by side. Place the thermometer in 
the cold water and then in the luke-warm water. Notice the temperature 
indicated in the luke-warm water. Now place the thermometer in the 
hot water, and when it has been there a minute or two put it into the 
luke-warm water. Notice that the temperature indicated is practically 
the same as before. It is thus seen that, unlike our sense of feeling, a 



1 A centigrade thermometer is supposed to be used, 
is us^d the reading will be 32°. 



If a Fahrenheit thermometer 
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thermometer is not deceived by being made hot or cold before using it 
to indicate temperature. 

{d) Notice the temperature of the room indicated by the thermometer. 

{c) Place the thermometer in your mouth, and notice the tempera- 
ture indicated by it at the moment it is removed. 

Graduating the Thermometer— Fixed Points.—In 
the graduation of a thermometer the plan always adopted is to 
choose " two fixed points " from which to number our degrees 
of temperature. The most convenient lower fixed point we can 
get is the temperature at which ice melts, or water freezes, for 
this is always the same if the ice is pure, and remains the same 
as long as there is any ice left un melted. Whenever the thermo- 
meter is put into melting ice the mercury in it always stands at 
the same level, or melting ice is always at the same temperature 
and may be thus used to give one fixed point. The " higher 
fixed point " chosen is that at which 
J? 11 pure water boils at the sea-level. We 

JL v^ J have to make this stipulation, for the 

nr ^ Sr boiling point of a liquid is altered 

when the pressure upon it is changed, 
being raised if the pressure is greater 
and lowered if the pressure is less. 
When the water boils the temperature 
of the steam is the ^ame as that of 
the water, and remains so as long as 
there is any water left. The lower 
fixed temperature we refer to as the 
"Freezing Point of Water," the 
higher as its " Boiling Point." 

Marking the Freezing Point. 

— For this purpose ah arrangement 

like that shown in Fig. 130 is very 

suitable. The funnel is filled with 

pounded ice, which before powdering 

had been carefully washed ; or snow 

might, if more convenient, be used. 

The glass dish catches the water 

which is formed from the melting of the ice or snow. A hole is 

made in the pounded ice by thrusting in a pencil or glass tube 

3ibout the size of the thermometer, and into this hole the 




Fig. 130. — Determination of the 
temperature at which ice 
melts and water freezes. 
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thermometer is put and is so supported that the whole of the 
mercury is surrounded by the ice or snow. The arrangement is 
left for about ten or fifteen minutes, until it is quite certain 
that the tube and mercury are at the same temperature as the 
melting ice. When this is so the tube is raised until the mercury 
is just above the ice, and a' fine scratch made with a three- 
cornered file on the tube at the level of the mercury. 

Marking the Boiling Point.— On account of the con- 
densation of vapour upon the thermometer, the method used in 
Expt. 109 {a) to find the boiling point is not a 
very accurate one. More exact determina- 
tions can be made by means of the ap- 
paratus shown in Fig. 131. A can or flask 
F is fitted with a cork, through which a glass 
or brass tube B passes. Surrounding this 
tube is a wider tube C, fitted upon the inner 
tube by means of a piece of thick india- 
rubber tubing D. At the top of the outer 
tube is a cork E having a hole in which a 
thermometer can be fitted. When the water 
in the flask is boiled, steam passes up the 
inner tube B, and down the wide tube C, 
and escapes at the outlet G into the open 
air. To use the apparatus, the top of the 
stem of the thermometer is gently pushed 
into the cork which fits in the outer tube, 
and adjusted so that the 100° point is just 
below the cork. The cork is then fitted into 
its place, the water boiled, and when steam 
has been coming off for about a quarter of 
an hour, the thermometer is read. The ob- 
servation is repeated after a few minutes, 
and when two readings obtained at an in- 
terval of about ten minutes agree, the point 
at which the top of the liquid stands is 
marked upon the stem. The temperature observed is the boiling 
point of water under the particular conditions existing at the 
time and place of the experiment. 

Precautions Necessary in Marking the Fixed 
Points* Freezing Pointy, — Since Expt. 108 {a) has shown that 




Fig. 131. — Ai)paratus 
for determining the 
boiling point of water. 
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the mixture of common salt with ice or snow lowers the 
temperature of the ice or snow, great care must be taken that 
pure clean ice is used when the lover fixed point of a 
thermometer is being marked. It must also be noted that the 
presence of substances other than common salt similarly have 
an effect on the temperature. 

Boiling Point, — It has also been seen that the temperature of 
a boiling solution of common salt in water is higher than that of 
the steam which is given off from it. Moreover, since it is the 
temperature of the steam from boiling water which alone 
remains constant at the sea-level (the nature of the containing 
vessel and the presence of substances in solution affecting the 
temperature of the liquid), in marking the higher fixed point of 
a thermometer the instrument should be surrounded by the steam 
and not placed in the liquid. It will be seen more fully later that 
an increase of atmospheric pressure, represented by an increased 
barometric height, raises the temperature at which water boils, 
hence the height of the barometer must be recorded when the 
higher fixed point is being marked. 

Effect of Pressure on the Boiling Point. 

EXPERIMENTAL WORK. 

III. Boil some water in a flask and let it continue to boil for some 
minutes until you can be sure all the air is driven out of the fiask. 
Remove the burner and quickly insert a well-fitting cork. Allow the 
flask to remain to cool for a few minutes, then turn it upside down on 
a suitable support and throw cold water on to the flask. Notice that 
the water again starts boiling vigorously, Fig. 132. 

How the Boiling Point is affected by Pressure.— 

Though it has been stated in general terms that the temperature 
at which water boils is quite definite, this is only true when the 
pressure of the air is the same. Pressure has a great influence 
on the boiling point of a liquid. The weight of the atmosphere 
is, we know, very considerable, being at the surface of the earth 
equal to that of a mass of 15 lbs. on every square inch. In study- 
ing the pressure of the atmosphere it is seen that its amount upon 
an object depends upon the extent of the air above the object. 
This will evidently be less at the top of a mountain than at the 
tottom of a mine, and consequently the pressure of the air will 
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be in the former situation less than in the latter. If we wish to 
boil a liquid, therefore, in those cases where the pressure of the 
atmosphere is great we shall have to heat the liquid more before 
the bubbles of vapour formed can escape at the surface than 
when the pressure is less, if we heat the liquid more, its 
temperature will get higher before there is any conversion into 
vapour, and consequently its boiling point will be higher when 
the pressure is greater. In finding the boiling point of a liquid 
we must therefore know the pressure of the atmosphere at that 
time and place. 

Example of Water Boiling at a Lower Temperature 
under Diminished Pressure.— A very simple experiment 
convinces us that water may boil at a temperature considerably 
below 100° C. when the pressure upon its surface is diminished. 
All we have to do is to take 
a well-fitting, sound cork 
which tightly fits the neck 
of a round-bottomed flask. 
We then boil some water in 
the flask and allow it to 
continue boiling for some 
minutes so that all the air 
in the flask is driven out 
and its place taken by steam. 
The burner is then removed 
and the cork inserted into 
the neck of the flask as 
rapidly as possible. After 
standing to cool for a minute 
or two, when we know^ms 
temperature can no lorljger 
be 100° C. the flask is turned 
over and cold water poured 

upon its upturned under surface or a cold wet sponge is squeezed 
upon it as shown in Fig. 132. The cold water causes the 
steam in the flask to condense, and as no air can get in the 
pressure on the surface of the warm water is now less than it 
was before, and therefore the water is seen to boil quite briskly 
again. 

Th^iTOometer SoaJiee.— 3ome value must now be given to 




Fig. 132. — Water below 100° boiling under 
diminished pressure. 
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the two fixed points which have been obtained as previously 
described, and of course they could be called anything the maker 
likes, but for the sake of comparing ohe man's observations 
and experiments with those of other people it is most convenient 
to graduate all thermometers in the same way. The thermo- 
meters used in this country are divided up in two ways — (i) the 
Centigrade scale, (2) the Fahrenheit scale. A third scale — the 
Reaumur scale is extensively used in Germany. 

TAe Centigrade Scale, — Here the freezing point is called zero 
or no degrees Centigrade^ written 6° C. The boiling point is 
called one hundred degrees Centigrade^ and is written 100° C. 
The space between these two limits is divided into 100 parts, 
and each division called a degree Centigrade. 

The Fahrenheit Scale. — On thermometers marked in this way 
the freezing point is called thirty-two degrees Fahrenheit^ 
written 32° F., and the boiling point two hundred and twelve 
degrees Fahrenheit^ written 212° F. The space between the 
two limits is divided into 180 parts, and each division is called 
a degree Fahrenheit, The reason of this difference is 
interesting. The physicist Fahrenheit, after whom the 

thermometer is named, 
got, as he thought, 
a very low tem- 
'^Boiling Point oFmter perature, by mixing 
common salt with the 
pounded ice when 
measuring the lower 
fixed point, and he 
wrongly imagined that 
he had got the lowest 
temperature which 
could be reached, and 
called it zero. 

The Rdaumur Scale, 
— Upon thermometers 
graduated according to 
this scale the freezing 
point is marked 0° 
The relation between the three scales 




^''Meltijig point of ice 





Centigrade Fahrenheit Reaumur 

Fig 133. — Thermometer scales. 



and the boiling point 80°. 
is shown in Fig, 133. 
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Conversion of Scales.— It should be clear from what we 
-have said that the interval between the boiling and freezing 
points, that is, the same temperature difference, is divided into 
100 parts on the Centigrade scale and 180 parts on the 
Fahrenheit, and consequently 100 Centigrade degrees are equal 
to 180 Fahrenheit degrees, which is the same as saying one 
degree Centigrade is equal to nine-fifths of a Fahrenheit degree, 
or one degree Fahrenheit is equal to five-ninths of a degree 
Centigrade. 
iooC.degs. = i8oF. degs. ; .'. 5 C. = 9 F..*. C. = JF.orF. =f C. 

In converting Fahrenheit readings into Centigrade degrees, 
we must subtract 32 (because of what has been said of the 
freezing point on the former scale) and multiply the number 
thus obtained by 5 and divide by 9. To change from 
Centigrade to Fahrenheit, multiply the former reading by 9 
and divide by 5 and add 32 to the result. 

Example. — What temperature on the Fahrenheit scale 
corresponds to 20° C. ? 

Answer. — 20° C. is 20 C. degs. above the temperature of 
melting ice, />., 20 x f Fahr. degs. above 32° F. = (36 + 32)° F. 
= 68° F. 

When it is necessary to refer to temperatures lower than the 
freezing point of water, a minus sign is placed before the 
temperature, thus, three degrees below the freezing point of 
water on the Centigrade scale is written - 3° C. 

Chief Points of Chapter XI 

Effects of Heat. — (i) Change of size. (2) Change of state. (3) Change 
of temperature. 

Change of Size is known either as Expansion or Contraction. The 
former is generally brought about by heating, the latter by cooling. 

Expansion by heat must be taken into account in : {a) laying railway 
lines, {b) fixing steam or hot-water pipes, {c) building bridges. It is 
utilised in fixing iron tyres to wheels. 

Change of State is explained more fully in a later chapter. 

Choice of Things to be nsed in a Thermometer.— (i) The substance 
used should expand a great deal for a small increase of temperature. 

(2) If a liquid is used it should not change into a solid unless cooled 
very much, nor into a gas unless heated very much. 

(3) The liquid should be in a fin« tube with a comparatively large 
bulb at the end. 

Beasons why Mercury is nsed for Thermometers. — In addition to 
those above (fl) its level can be easily seen ; \jb) it does not wet the vessel 
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in which it is contained ; (c) it expands a considerable amount for a 
small increment of temperature ; {d) it is a good conductor of heat ; {e) 
very little heat is required to raise its temperature. 

The Fixed Points on a Thermometer. — (i) The temperature at which 
ice melts or water freezes ; (2) the temperature of the steam issuing 
from boiling water when the barometer stands at 30 inches. 

Thermometrie Scales. —The distance between the marks of freezing 
and boiling points on the stem of a thermometer may be divided as 
follows : — 

Fahrenheit scale. Centigrade scale. Reaumur scale. 

Bo i 1 ing poin t 212" 1 00° 80° 

Freezing point 32° o** o* 

Questions on Chapter XI. 

1. What is a thermometer, and what information concerning heat 
does it supply ? 

Give an instance of each of the following effects produced by heat : 
(a) change of size, (d) change of temperature, {c) change of state. 

2. How would you test whether the two fixed points on a mercurial 
thermometer were accurately marked ? 

What would be the effect on the values obtained for the fixed points 
of the presence of common salt as an impurity in the materials used 
in determining these points ? 

3. A flask containing pure water is heated by a single burner and one 
thermometer is placed with its bulb below the surface of the water, and 
another thermometer with its bulb just above the surface. When the 
water boils the readings of the two thermometers are taken. Will the 
readings be the same ? 

What will be the effect on the reading of each thermometer (i) of 
placing "a second burner under the flask, and (2) of dropping some 
common salt into the flask ? 

4. Describe carefully the manner in which the freezing and boiling 
points on a thermometer are determined. 

5. Describe experiments to prove the expansion by heat of (a) a solid, 
(d) a liquid. 

6. In selecting a suitable liquid for a thermometer, what properties 
would you look for ? 

7. Why is mercury a suitable liquid for a thermometer ? 

8. What precautions are necessary in marking the boiling point of a 
thermometer ? 

■ 9. Write a short account of two commonly used thermometric scales. 

10. Take a glass tube open at one end, and having a bulb at the 
other. Hold the tube so that the open end dips into water. Heat 
the bulb gently with a spirit lamp for a minute or two, and then take 
the lamp away. What will be observed ? How can you account for 
the facts observed? 

11. Mention conditions that should be satisfied by the bulb and tube 
of a mercury thermometer. Give the reason for each condition that 
you state. 
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CHAPTER XII 
HEAT AND TEMPERATURE 

Distinction between Heat and Temperature. 

EXPERIMENTAL WORK. 

112. Flow of Water, — Using the apparatus described in Expt. 1 1, 
p. 7, squeeze the india-rubber with your finger and thumb. Pour water 
into the tube and wide glass vessel to different levels. Release the 
india-rubber tubing and notice there is a flow of water from the vessel 
where the water level is higher to the other. This continues until they 
are at the same level. 

113. Flow of Heat. — Support a strip of copper about 12 in. long as 
shown in Fig. 134. Near one end place the top of a match or a small 
piece of phosphorus which has been cut off a stick kept under water, 
and afterwards dried. .Heat the other end by a laboratory burner or 




Fig. 134. — Experiment to show the flow of heat. 

Spirit lamp. After a time the phosphorus catches on fire. Heat has 
passed from one end of the bar to the other, and if the heating is 
continued long enough, a certain stationary state analogous to the final 
level of the water in Expt. ill is obtained. 

1 14. Capacity for Water. — {a) Arrange three glass cylinders, of differ- 
ent diameters but equal heights, in a row and pour a tumbler of water 
into each of them in succession (Fig. 1 35). Notice that the same quantity 
of water fills the cylinders to different heights. The level is highest in; 
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the cylinder of smallest diameter and lowest in the one of largest 
diameter. The capacity for water of the one with the greatest diameter 



Fig. 135. — The same quantity of water produces different rises of level in vessels 
of diflferent diameter. 

is evidently more than in either of the other cases, and that is why the 
level of the water in this cylinder is least. 

(d) Now take cylinders of equal diameters and pour water into one 
of them to the height of four inches and into the other to the height of 
two inches. These two cylinders with the water in them can be said to 
represent a hot and a cold body. Now divide the water equally between 
the two cylinders by pouring water from the one in which the level is 
four inches to the ,other. Measure the height of the water in each 
cylinder — it is three inches. Remember that this number can be 
obtained by adding the two heights together and dividing by two. 

115. Capacity for Heat. — (^z) Mix I lb. of hot water, the temperature 
of which has been measured with a thermometer and recorded, with I lb. 
of cold water, the temperature of which is also recorded. It will be 
found on stirring them together with the thermometer (taking care not 
to break the thermometer) that the temperature of the mixture is 
midway between the two original temperatures. 

{b) Mix I lb. of mercury at loo** C. with I lb. at the temperature of 
the room. Notice that the resulting temperature is midway between 
the temperatures of the two quantities of mercury. 

116. Difference of Capacity for Water, — Arrange in a row two 
cylinders of the same diameter and two others — a wide one and a 
narrow (Fig. 136). But all the cylinders should be of the same 
height. Pour water into the two last until it is at the same level in 
each. Now the capacity for water of the last two cylinders is clearly 
unequal, and the level of the water is. the same. Transfer the water in 
the wide cylinder into one of the two cylinders with equal diameters, 
and the water from the narrow cylinder into the other, and very carefully 
notice that the level of the water in the cylinder into which the liquid 
from the wide cylinder was poured is higher than that in the cylinder 
into which the liquid from the narrow cylinder was poured (Fig. 137.) 
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117. Difference of Capacity for Heat, — {a) Now take equal masses of 
lead and water in the same beaker, and heat them over a laboratory 
burner until the water boils ; the temperature of both the lead and the 
water will then be about 100° C. Provide two beakers containing equal 
masses of cold water at the temperature of the room. Put the hot lead 
into one of these and the hot water into the other. Stir both mixtures 
and note the temperature in each case. The water into which the heated 
lead is plunged is not at so high a temperature as that into which the hot 
water was poured. Equal amounts of water at the same temperature 
are thus shown to be heated to different degrees by equal amounts of 
lead and water at the same high temperature. 

Think over this and the last experiment and you will be led to the 
conclusion that lead and water have different capacities for heat, and 
correspond respectively to the narrow and wide cylinders. 




Fig. 136.— Equal levels of water Fig. 137.— Vessels of et^ual capacity into which 
but different quantities. water from the jars Fig. 136 has been poured. 



{b) Mix I lb. of water at the temperature of the air with i lb. of iron 
at too** C, and notice the temperature of the mixture. 

{c) Mix I lb. of water at ICX)° C. with i lb. of iron at the atmospheric 
temperature, and notice that the resulting temperature is in the latter 
case much the higher. 

{d) Shake up known masses of water and mercury at different tem- 
peratures, and note the resulting temperatures. Repeat, using water 
and turpentine at known but different temperatures. 

Confirm by shaking up mercury and turpentine. 

The relative capacities for heat are inversely as the masses, and 
inversely as the change of temperature. 

Difference between Heat and Temperature.— 

Temperature is not heat, it is only a state of a body, for the 
body may be cold one minute and hot the next. As you have 
learnt, a hot body is one at a high temperature, a cold body 
one at a low temperature. If a hot body and a cold body be 
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brought into contact there is a passage of heat from the hot one 
to the cold until they are both of the same degree of hotness or 
coldness. Now, if in the last sentence we use the words " at a 
high temperature " for " hot," and " at a low temperature " for 
"cold," wc shall easily be able to make up a definition 
of temperature. Thus, if a body at a high temperature and 
one at a low temperature be brought into contact, there is a 
passage of heat from the former to the latter until they are 
both at the same temperature. Hence, we can define tempera- 
ture as a condition of bodies that determines which of 
the two bodies when placed in contact will part with 
heat to the other. 

Similarity of Temperature and Water-LeveL— It is 
well known that if two vessels containing water and arranged at 
different levels are connected by means of a piece of india- 
rubber tubing, there is a flow of water from the vessel of water 
at the higher level towards the vessel at a lower level. This is 
a consequence ot a property possessed by all liquids which 
makes them, as we say, " seek their own levels This flow of 
water continues until the water in the two vessels is at the 
same level. Evidently this is a similar state of things to that 
which we have in the case of a hot and cold body in contact. 
In one case there is a flow of water until the level is the same 
in the two vessels. In the other there is a flow of heat until the 
temperature of the two bodies is the same. Temperature 
corresponds to water-level. 

Quantity of Heat. — Temperature, then, is not heat. Let us 
try and see more clearly what we mean by a quantity of heat. 
We can perhaps understand this best by considering a little 
more fully the case of the water in one of the vessels spoken of 
in the last paragraph. Imagine a cylinder of water ; the most 
accurate determination of the height at which the water stands 
gives no information about the quantity of water in the cylinder. 
For a narrow cylinder will contain much less water than a 
broad one in which the water stands at the same level. Just as 
we can compare temperature with water-level, so we can 
similarly compare the quantity of water in a vessel with the 
quantity of heat in a body. We know very well that if we want 
to calculate the actual amount of water in a cylinder we must 
know, not only the height of the water, but also the size or 
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capacity of the cylinder. In precisely the same way, to 
ascertain the quantity of heat in a body we must know not only 
the temperature of the body but also its capacity for heat. 

Comparison of Capacity of Bodies for Heat and 
Capacity of Vessels for Water. — Just as all vessels have 
not the same capacity for water, so all bodies have not the same 
capacity for heat. The same amount of water does not raise 
the level of water in vessels of different capacities to the same 
amount ; nor does the same amount of heat raise the temperatures 
of equal masses of bodies having different capacities for heat 
through the same number of degrees of temperature. 

The two quantities, namely, capacity for water and capacity 
for heat, can be still further compared. If the levels of the 
water in two cylinders of equal capacity be respectively four 
inches and two inches, and water be poured from the first to the 
second until the levels are the same in both, it is found by 
measuring that the final level is the average of the other two, 
or is equal to half the total obtained by adding the two levels 
with which we started together. 

In a precisely similar way, if i lb. of water at a temperature 
of say 60° C. be mixed with i lb. of water at a temperature of say 
20^ C, and the temperature of the mixture be at once taken, it is 
found to be ^ (60 + 20) = 40° C. So, too, if the level of the 
water in two vessels of different capacities be the same, and the 
water they contain be transferred into two other vessels, the 
capacities of which are the same, it is found that the level 
of the water in the second pair of vessels is by no means the 
same. The level is higher in that vessel which contains the 
water from the wider vessel. 

Similarly, if equal masses of lead and water be heated to the 
same high temperature, say 100° C., and the lead be plunged into 
one mass of water at a lower temperature, say 20° C, and the hot 
water be mixed with another equal mass of water at 20° C, and 
the resulting temperatures in the two cases be determined, it is 
found that the temperature of the mass of cold water into which 
the hot water was poured is higher thaft that of the equal mass of 
cold water into which the lump of lead was plunged. Or, equal 
masses of lead and water at the same high temperatures cannot 
give out the same amount of heat when cooled, because they 
contain unequal amounts. The water at 100° C. contains a larger 
Ex. Sc— I. N 
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quantity of heat than an equal mass of lead at ioo° C. because its 
capacity for heat is greater. 

Or, if I lb. of water at the temperature of the air be mixed with 
I lb. of iron at ioo° C, the resulting temperature is not so high 
as that obtained by mixing i lb. of water at ioo° C. with i lb. of 
iron at the atmospheric temperature. This evidently means 
that I lb. of water at ioo° C. contains more heat than i lb. of iron 
at 1 00° C, or the capacity of iron for heat is less than that of 
water. In the same way similar experiments with water and 
mercury show that the capacity of mercury for heat is less than 
that of water. 

Capacity for Heat 

EXPERIMENTAL WORK 

1 18. Blacken two small beakers, of the same size, on the outside. Into 
one put a convenient mass of water at a known high temperature, and 
into the other an equal mass of quicksilver at the same high temperature. 
Into each plunge a thermometer. Allow both to cool, and notice that 
the quicksilver cools much more rapidly than the water. This is partly 

because the capacity of water for 
heat is much greater than the heat 
capacity of quicksilver. 

119. Experiment with Hot Balls 
and Wax. — Take balls of different 
metals of, say, lead, iron, tin, bismuth, 
with hooks attached ; also a cake of 
beeswax about J in. thick, and arrange 
it on the ring of a retort stand as in 
Fig. 138. Then suspend the balls 
from a wire support (as shown) in a 
bath of oil heated to about i5o°C., 
and drop them together on to the 
cake of wax ; notice the iron ball 
melts through first, then the tin, 
followed by the lead, and last of all 
the bismuth. 

120. Unit of Heat Quantity. — [a) 
Weigh about 200 grams of water into 
a beaker, and observe its temperature. 
Put the same amount into another 

Fig. 138.— Experiment to show dif- beaker and heat it to about 70** C. ; 

ference of capacity for heat. observe the temperature ; take hold 

of the beaker with a duster, and 

quickly pour the hot water into the cold. Stir up the mixture with 

the thermometer and observe its temperature. Show in the manner 
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described on p. 181, that the number of units given out by the hot water- 
as it cools is the same as the number taken up by the cold water as its 
temperature is raised. 

(d) Repeat the experiment, using different masses of water at different 
temperatures. Show that the same fact holds true. 

121. JleiU Capacities of Different Metals : {a) Iron, — Weigh out about 
50 grams of cold water and observe its temperature. Put into a test-tube 
an equal mass of iron tacks ; stand the test-tube, with a thermometer sur- 
rounded by the tacks, in a beaker of water, and boil the water. Observe 
the temperature of the tacks, and when the water has been steadily boil- 
ing for some time, take out the thermometer and cool it under the 
tap. Quickly pour the heated tacks into the cold water, and observe 
the temperature of the mixture. Notice that it is not so high as when 
hot water is added. 

{b) Copper, — Cut 50 grams of thin copper wire into pieces, and repeat 
the preceding experiment with them instead* of with iron tacks. Com- 
pare, as before, the quantity of heat given up by the copper with that 
given up by the equal mass of water at the same temperature. 

{c) Lead. — Repeat the preceding experiment with 50 grams of lead 
shot, and also with 50 grams of mercury. 

These experiments show that equal masses of substances at the 
same temperature have very different quantities of heat in them ; in 
other words, they have different capacities for heat. 



Capacities of Water for Heat.— By finding the heating 
effect produced by equal masses of different substances at the 
same temperature, it can easily be shown that different bodies 
have different capacities for heat. But of all known substances, 
water has a greater capacity for heat than any other body. 
Consequently water will require a larger amount of heat to raise 
the temperature of a given mass of it through any number of 
degrees than an equal mass of any other substance. Similarly, 
and for the same reason, in cooling through any number of 
degrees of temperature a definite mass of water will give out a 
larger amount of heat than an equal mass of any other substance 
will in cooling through the same number of degrees. 

Results in Nature of the High Capacity of Heat of 
Water. — The results in nature of this great capacity for heat 
which water possesses are very important. 

Though water takes a large amount of heat to warm it and is 
consequently heated by the sun's rays only slowly, yet v/hen it 
cools it parts with its heat just as slowly. The effect of this ox. 

N 2 
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the climate of islands is very marked. The winter temperature 
is never very low, and the climate never very severe, because 
the water surrounding the country acts like a great coat, and 
keeps it warm. Similarly, the summer temperature is never 
unbearably hot because the surrounding water takes so long to 
warm, and being always cooler than the land, keeps the 
temper^iture of the latter from getting very hot. 

lUiistration of Different Capacities for Heat of 
Vaiioiis Substances.— If balls of lead, iron, tin, and Bismuth 
are heated to the same high temperature in a bath of oil and 
placed together on a cake of beeswax, they melt through at 
different rates. The rate at which they melt through the wax 
depends chiefly upon tl^ amount of heat they give out ; so that 
since the iron gets through first it had most heat to give out, 
or its capacity for heat is greatest of all the metals taken. The 
experiment teaches, therefore, that the different metals have 
different capacities for heat. Though these bodies were at 
the same temperature, the amounts of heat they took up from 
the oil differed because of their different capacities for heat, 
and in the same way the amount of heat they are able to give 
to the wax also differs in the same proportion. 

Unit Quantity of Heat.— Now we have learnt that we 
may correctly speak of quantities of heat, it is time that we 
considered how such quantities of heat are measured. As in 
all other cases of measurement we must have a unit or standard 
quantity with which to compare the quantities of heat we wish 
to measure. The unit quantity of heat which is generally 
adopted is the amount of heat necessary to raise the 
temperature of one ^am of water through one 
degree Centigrade. This unit is called a calorie. The 
amount of heat required to raise the temperature of two grams 
of water through i° C. will be two units or .two calories. 
Similarly, the amount of heat necessary to raise the temperature 
of one gram of water through two degrees will be two units. 
The rule for obtaining the number of units of heat taken up by 
any mass of water as its temperature rises, or the amount given 
out by a mass of water the temperature of which is falling, is to 
multiply the number of grams in its mass by the number of 
degrees, as measured by a Centigrade thermometer, through 
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which its temperature rises or falls. Or, we may express it 
thus :-^ 

Mass of water in grams x Num- 
ber of degrees Centigrade 
through which its temperature 
rises or falls. 

It will perhaps be well to take an example or two to make the 
application of this statement quite clear. 

Example 1. — Ten grams of water at 20° C. are heated until the tem- 
perature of the water is 70° C. How many heat units have been 
expended in the process ? 

Here the temperature has been raised from 20" C. to 70' C, or 
through 50' of temperature. 

The mass of the water is 10 grams. Hence, 
Number of heat units used ) 
up in raising the tem- s = 10 x 50 = 500 heat units, 
perature of the water ) 
Example 2. — The temperature of 100 grams of water falls from 90° C. 
to 30** C. How many units of heat are given out ? 

^"w^^h tfe Sl^tuS'} = 90 - 30 = 60 degrees. 
Mass of water = 100 grams. Hence, 
^T'Th^l'r rttnl" °"'} = «oo X 60 = 6,000 heat um.s. 

Mixing Equal Maases of Hot and Cold Water.— 
When equal masses of hot and cold water, the temperatures of 
which are known, are mixed together and the temperature of 
the mixture is observed, it is easy to show that the hot water 
gives out the same number of heat units in cooling down to the 
temperature of the mixture as the cold water takes up in being 
warmed up to the temperature of the mixture. This would 
only be exactly true, however, if no heat were lost in warming 
the vessel containing the mixture. But since the vessel ts also 
warmed, to be strictly correct, we ought to say that, supposing 
no heat to be lost in any way, the number of units of heat given 
out by the hot water in cooling to the temperature of the mixture 
is the same as that taken by the cold water and the vessel con- 
taining it, in being warmed up to the temperature of the mixture. 
Making use of what has already been learnt (p. 180), namely, 
that the number of heat units given out by a given mass of 
warm water in cooling through a certain number of degrees, or 
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the number of heat units taken up by a given mass of cold 
water in being warmed through a certain number of degrees, 
can be obtained by multiplying the mass of the water in grams by 
the number of degrees of rise or fall in temperature, it can be 
shown that the statement in the beginning of the paragraph is 
easily proved. Suppose the results obtained by mixing equal 
masses of hot and cold water were as follows : — 

Mass of cold water = 200 gms. 

Mass of hot water = 200 gms. 

Temperature of cold water = 15° C. 

Temperature of hot water = 70° C. 

Temperature of the mixture = 42^° C. 

Number of degrees through which the 
temperature of the cold water was* 
raised = 27^° 

Number of degrees through which the 
temperature of the hot water was 
lowered = 27^^ 

Now gain of heat by cold water = 200 x 27^ units 

and loss of heat of hot water = 200 x 27I units 

and these results are evidently the same. 

Mixing Unequal Masses of Hot and Cold Water.— If 

we have different masses of hot and cold water and as before 
imagine no heat is lost to the vessel, the same thing can be 
shown to be true. 

Example, — 120 grams of cold water at 20° C. are mixed with 
200 grams of warm water at 80° C. and the temperature of the 
mixture is found to be 57^° C. In this case 

Number of degrees through which the 

temperature of the cold water was 

raised = 57i°-2o°=-37i° 

Number of degrees through which the 

temperature of the hot water was 

lowered = 8o°-57i°=22j° 

Therefore the gain of heat by the cold 

water — 120x37^=4,500 

heat units. 
The loss of heat by the warm water ... = 200x22^=4,509 

heat units. 
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This again shows that the statement is true that what heat is 
lost by the hot water is gained by the cold water, supposing of 
course that we imagine the vessel itself does not get hot. 

Capacity for Heat of Tacks, Copper- Wire, and 
Mercury. — When equal masses of water, tacks, copper- wire, 
and mercury at the same high temperature, that of boiling 
water, for instance, are each in turn stirred up with equal 
masses of cold water at the same temperature and in separate 
beakers, it is found the hot water raises the temperature of 
the mass of cold water in which it is placed through a larger 
number of degrees than either of the other substances raises 
the temperature of the mass of water into which it is placed. 
This is because the capacity for heat of water is greater than 
that of any of these (or any other) substances. 

If we notice the temperature of the mixture formed in each of 
the cases supposed, namely, tacks and water, copper-wire and 
water and so on, and then calculate the number of degrees 
through which each has raised the temperature of the water 
into whicii it was put, we obtain a series of numbers which 
enables us to compare the capacities for heat of each of the 
substances experimented with. The substances arranged in 
the order of their capacities for heat stand thus : — 

Tacks 

Copper-wire 
Mercury 
Lead. 

The amount of heat required to raise the temperature of 
one gram of a substance through i^ C. or the amount of heat 
given out by one gram of a substance the temperature of which 
falls through 1° C, in comparison with the amount of heat taken 
up or given out by an equal mass of water, is known as the 
specific heat of the substance. 

Chief Points of Chapter XII. 

Temperature is a condition of bodies, that determines which of the 
two bodies when placed in contact will part with heat to the other. 
Temperature corresponds to water level. 

To ascertain the Quantity of Heat in a body, we must know not only 
the temperature of the body, but also its capacity for heat. 
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Water requires a larger amount of heat to raise the temperature of a 
given mass of it through any number of degrees, than an equal mass of 
any other substance. 

Unit Quantity of Heat is the amount of heat necessary to raise the 
temperature of I gram of water through i degree Centigrade. 

(Number of degrees 
ture rises or falls. 
The amount of heat required to raise the temperature of I gram of a 
substance through i** C, or the amount of heat given out by a gram 
of a substance the temperature of which falls through i** C, in com- 
parison with water, is known as the speoifio heat of the substance. 



Questions on Chapter XII. 

1. If a pound of water at loo* C. is mixed with a pound of water at 
o** C. , the temperature of the mixture is 50° C. How would the result 
have differed if a pound of oil at 100" C. had been substituted for the 
hot water ? Explain the difference. 

2. Explain what is meant by specific heat. How would you show 
that equal weights of two different substances give out differeot amounts 
of heat when cooled through the same range of temperature ? 

3. What is the difference between temperature and quantity of heat ? 
What experiments would you perform to show that equal masses of 

different substances when cooled through the same range of temperature 
give out different quantities of heat ? 

4. Draw some distinctions between heat and temperature. 

5. Describe an experiment to show that different substances at the 
same temperature have different quantities of heat. 

6. State precisely what is meant by the statement that the specific 
heat of mercury is '033. 

7. What will be the temperature of the mixture produced by mixing :— 
(a) I lb. of water at o" C. with 2 lbs. of water at 90'' C. ? (d) 1 lb. of 
mercury at 10° C. with I lb. of mercury at 100** C. ? 

8. Give a short account of the effects in nature of the high capacity 
of water for heat. 

9. What is the unit quantity of heat ? How many units of heat are 
required to raise the temperature of 50 grams of water from the tem- 
perature of the- room (15 C.) up to the lx)iling point ? 

10. Describe a differential air thermometer. How would you use it 
to investigate whether equal volumes of two different substances give 
out equal amounts of heat when cooled through the same range of 
temperature ? 
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CHANGE OF STATE m RELATION TO HEAT 



Maximum Density of Water 

EXPERIMENTAL WORK 

122. Density of Water at Different Temperatures,— -{a) Fill a density 
bottle with water at the temperature of the room and determine the 
mass of the bottle and the water it contains by weighing. Now suspend 
it by a piece of copper 
wire in a beaker of water 
in such a way that the 
stopper of the bottle is 
out of water (Fig. 139). 
Raise the temperature of 
the water in the beaker 
ten degrees. The water 
in the density bottle ex- 
pands and some of it is 
forced through the hole in 
the stopper. When the 
required temperature has 
been reached, touch the 
top of the stopper with a 
piece of blotting paper 
and quickly remove it 
from the beaker. Notice 
that at the instant of re- 
moving the density bottle 
it is full of water. The 
water soon contracts and 
when it is at the tempera- 
ture of the room, the 
density bottle is not full 
of water. When it has 
thus cooled again, deter- 
mine the mass of the 
bottle and water. It is 
less than before. There- 
fore the same volume of water at the higher temperature has a smaller 
mass than at a lower temperature, that is, its density is less. 

"85 




Fig. 139.— Determination of the density of hot water. 
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{d) Replace the bottle in the beaker of water and raise the tempera- 
ture ten degrees higher than before. More water is lost by expansion. 
When cool weigh again. 

Remember the masses of water obtained by subtracting the weight of 
the empty bottle are in the proportion of the density of the water. 

123. Anomalous Expansion of Water. — {a) Procure or construct an 
apparatus of the form shown in Fig. 140. The cylindrical bulb should 
be about 10 cm. long and i '5 cm. in diameter, and 
terminate in a capillary tube having a bore of about 
o*5 mm. Heat the bulb ; and let it cool with the 
open end of the tube inverted in mercury. By this 
means sufficient mercury (M) may be introduced to 
occupy about one-seventh the volume of the bulb. 
Then introduce in a similar way sufficient boiled dis- 
tilled water to fill the remainder of the bulb and part 
of the stem. A short len^h of oil may also be intro-. 
duced to prevent absorption of air and evaporation. 
A paper millimetre scale is then attached to the 
capillary tube. 

Support this apparatus in a wide test tube contain- 
ing mercury, so as to secure uniformity of temperature. 
Place a thermometer in the mercury, and support the 
wide tube containing it and the apparatus in a beaker 
of cold water. Notice the position of the top of the 
liquid in the tube, and read the temperature shown by 
the thermometer. Add ice to the water, and as the 
temperature falls notice the level of the liquid in the 
tube for every degree down to i** or 2** C. 

Then let the water in the beaker gradually rise in 
temperature, adding a little warm water if necessary, 
and again observe the positions at the same tempera- 
tures as before. The mean of the two positions 
observed for each temperature should be taken as 
the true reading for that particular temperature. 

At what temperature has the water in the bulb the 
least volume, and therefore the maximum density ? 

{b) The changes in volume of water, when cooled 
down to freezing point, can also be observed by 
means of a test-tube of water having a good stopper, 
with a narrow glass tube in it instead of the bulb used 
in the preceding exercise. But as the expansion of 
. water between 4°C. and o°C. is very small, the 
experiment has to be carefully performed to be 
Fig. 140.— Appara- successful, 
tus for the deter- 
mination of the 124. Changes of Volume and Density accompanying 
changes of vol- Changes of State.— YiiM m. a burette or graduated 
nSj the freering S^^^^ ^"^^ ^^^^ paraffin oil. Put the burette in a jar 
point. containing ice and water until the temperature reaches 
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o" C. Observe the level of the paraffin oil in the burette. Gently drop 
in pieces of dry ice, and observe the volume of the ice added by noticing 
the rise of level of the oil. Let the ice melt, and when it is converted 
into water, again observe the reading, of the burette ; it will be less than 
before. This reading shows that the volume of wat€r produced by the 
melting of a certain known volume of ice is less than the volume of ice. 
Find the ratio of the water produced to that of the ice from which it 
came. Hence the result will give you the density of ice. 

125. (a) Fill a small narrow-necked bottle with water, and cork it up 
tightly. (A bulb blown at the end of a glass tube is better. ) Place the 
bottle in a bowl and cover it with a freezing mixture of ice and salt. 
Carefully cover the bowl with a duster or cloth until you hear the bulb 
burst, then take off the covering and examine what has happened. 
Describe and explain the result of your experiment. 

{d) Try to explain, from what you have learnt by your experiments, 
why water pipes burst in winter. How is it that the burst pipes are not 
found until the thaw sets in ? 

(c) Put a few pieces of ice in a glass of water. Does the ice float 
or sink ? Is ice heavier or lighter than an equal bulk of water ? How 
do you account for the difference of density between ice and water ? 

(d) Cut a piece of wax candle into chips, and put them into a test- 
tube. Melt the wax by gently heating the test-tube, and while it is 
liquid throw in it two or three small pieces. Do these pieces float or 
sink? Can you tell from your observations whether wax contracts 
or expands when passing from the liquid to the solid state ? 

126. {a) Hopis Experiment to Determine the Density of Water. — 
The changes of density of water near the freezing point can be indirectly 
observed by means of Hope's apparatus 
(Fig. 141), the principle of which is 
based upon the fact that the denser parts 
of a liquid sink and the lighter rise to 
the top. The apparatus consists of a 
glass or metal vessel having a trough 
surrounding the middle part. Two 
thermometers are inserted in holes near 
the top and bottom of the instrument 
respectively (Fig. 141). 

The apparatus for performing this 
experiment can easily be made in a 
metal workshop. Holes are cut in the 
side of a tin canister, and short tin tubes 
are soldered into them. Corks for 
holding the thermometers are fitted 
into the tubes. . For the trough a large 
tin canister is obtained and reduced to 
a convenient height. A hole is then 
cut in the bottom to permit the trough 

to fit upon the outside of the smaller canister. This must, of course, be 
done before the top tube is soldered on. To obtain the best results with 




Fig. 141. — Hope's apparatus for 
determining the temperature of 
maximum density of water. 
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this or any other form of Hope's apparatus, the cylinder should be 
wrapped in cotton wool and stand on similar material ; and the observer 
should only stand near it when he wishes to read the thermometer. 

To use the apparatus the inner cylinder is filled with cold water — 
at a temperature of 6' C. to 8" C. — and the trough with a freezing mixture. 
The thermometers are then be read at intervals of a minute or two, and 
the results recorded. 

At first the bottom thermometer will be most affected, while the top 
one remains at nearly the same degree of temperature. When the tem- 
perature of 4' C. is reached, the bottom thermometer remains steady, 
but the upper one commences to indicate a lower degree than before, 
and continues to go down until a temperature of o** C. is reached if the 
experiment is continued long enough. Explain these changes, by means 
of the facts you have learnt as to the variations of the density of water 
with temperature. 

Changes in Volume as Water is Cooled.— The first 
effect of cooling water is to make it get smaller in volume, or as 
we say, to contract. This goes on steadily until the tempera- 
ture of four degrees Centigrade (4° C.) is reached. From this 
point, though we go on cooling the water, it no longer contracts, 
but begins to get larger or expand. This expansion continues 
until the temperature 0° C. is reached, when the water begins to 
change into solid ice, which is, as you have found, much larger 
than the water from which it is formed. 

Changes in Volume as Water is Warmed.— If we 
had worked backwards, beginning with water at, say, 1° C, and 
had allowed it to get warmer, which it would do simply by 
being exposed to the air in the room, we should similarly notice 
that while it was being warmed up to 4° C. it would have 
steadily got smaller in volume, but after this temperature was 
reached it would get larger and larger as it got warmer and 
warmer. 

Changes in Density as Water is Cooled.— It has 
already been learnt that if the volume of a body gets greater 
while its mass remains the same, what is called the density of 
the body must get less and less. It is quite clear that, if the 
same amount of matter occupies a larger space, it must be 
less closely packed into that space, and it is the closeness with 
which matter is packed into a space which we have learnt to 
call density. What changes in density take place when water 
is gradually cooled ? Since we have seen in our experiments 
that the same mass of water gradually gets smaller and smaller 
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in volume as it is cooled down to 4° C, we can now express the 
same fact in another way and say that its density becomes 
greater and greater as it is cooled down to 4° C. As from this 
temperature it gets larger as we continue to cool it, its density 
must get less and less. On the contrary, if we began with water 
at 1° C. and gradually warmed it, the density would steadily 
increase up to 4° C. and from that temperature upwards the 
density would regularly diminish. 

Graphic Representation of Results.— A simple way of 
graphically showing the changes in volume which water under- 
goes when cooled is seen in Fig. 142. The water is represented 
as contained in a thermo- 
meter tube and the level 
of the water in the tube for 
each degree of tempera- 
ture between 8° C. and 
0° C. is shown. A glance 
makes the results of our 
experiments very plain. 
The size of the water is 
seen to get smaller down 
to 4° C. and then to begin 
getting larger, which it 
continues to do up to 0° C. 

So, too, the water is at Fig. i42.~Contraction and expansion of 

once seen to be packed ^*'" "^'^ '^^ freezing point. 

into a smaller space and 

consequently to get denser and denser as it is cooled down to 
4° C. and then to become less dense as the lowering of tem- 
* perature is continued. Or, you can use squared paper and re- 
present the alterations in volume as you have learnt to represent 
similar changes. 

Along the horizontal line the consecutive degrees of tempera- 
ture on the Centigrade scale are marked and numbered. The 
volume which the quantity of water experimented with has at each 
degree of temperature is represented, on a convenient scale, by 
the height of the vertical lines erected over the points represent- 
ing the degrees of temperature. When the tops of these verticals 
are joined in by a continuous line you have a graphic representa- 
tion of the various changes in volume experienced (Fig. 143). 



gitized by Google 



190 EXPERIMENTAL SCIENCE chap. 

The changes in density can be also represented by this plan. 
As before, the degrees of temperature are marked along a" 
horizontal line, and the density at each consecutive degree is 

represented by the height of 

the perpendicular erected at 

these points (Fig. 144). 

Maximum Density of 

K Water. —Because any mass 

I of water has a smaller volu me 

^ at 4° C. than at any other 

I temperature, or what is the 

»s same thing, has a greater 

density at this than any 

other temperature, we speak 

... ^ of 4° C. as being the tem- 

FlG. 143.— Changes in the volume of water ^ . ° . 

near the freezing point. pcrature at which water has 

its maximum density. 
Hope's Apparatus. — An experiment with what is known 
as Hope's apparatus shows very well that water is at its 
maximum density at 4° C. A cylinder provided with two side 
necks in the way shown in Fig. 141 is filled with water at the 
same temperature as the air. Into the side necks, corks with 
thermometers passing through them are fitted. A freezing 
mixture, which can be made 
by mixing salt with pounded 
ice, is applied to the middle 
of the cylinder. This is done 
by filling a vessel, fixed round 
the middle of the outside of 
the cylinder, with the mixture 
in a way which the illustra- 
tion makes quite clear. The 
freezing mixture, of course, at 
once cools the water in the ^ ^, . . , . 

•jji r ^1- 1- J r\ Fig. 144.— Changes m the density of water 

middle of the Cylmder. On near the freezing point. 

watching the thermometers 

it is found that the first effect of the cooling is to cause the 
temperature of the lower thermometer to fall. The temperature 
of the upper thermometer, however, remains unaltered. The 
only way in which this can be explained is by supposing that as 
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the water in the middle of the cylinder is cooled it gets colder 
and sinks to the bottom. As the cooling proceeds it is found 
that the water at the bottom of the cylinder never gets below 
4° C. But soon after the water at the bottom of the cylinder 
has reached 4° C, the temperature of the upper thermometer 
begins to fall and goes on getting lower till it actually reaches 
0° C. But all this time the water at the bottom remains at 4° C. 
Now it is quite clear that the densest water will sink to the 
bottom, and as the temperature of the water there remains at 
4"" C. it may be concluded that water at this temperature is denser 
than any other. 

Expansion of Water as it Freezes.— When water is 
cooled down to 0° C. it changes into ice, and the ice which is 
formed takes up more room than the water does. Or, in forming 
ice the water expands. That this is really the case we can 
prove by quite filling a small vessel with water and inserting a 
nicely fitting cork, allowing no air to enter. If the tightly 
corked vessel is now placed into a mixture of ice and salt and 
the flask be left in this freezing mixture (as a precaution the 
vessel containing the freezing mixture and the flask should be 
covered with a duster), after a time a slight explosion is heaxd, 
and when the flask is uncovered and examined it is either found 
that the cork has been driven out, or, if the flask was not strong 
enough to bear the strain, it will be cracked and perhaps some 
ice may be found protruding from the neck or rent. The 
explosion is louder if a smaller cast iron cylinder with a 
top which screws on is used. This experiment has been 
tried on a large scale. Large bomb-shells have been com- 
pletely filled with water, securely plugged, and left out a 
whole night during severe winters. In the morning some 
were found cracked all round the middle with a large belt 
of ice sticking out through the crack all round, and from 
others the plug had been forced out and a cylinder of ice 
was found sticking out where the plug had been inserted. Not 
only do we learn from such experiments as these that water 
expands in forming ice, but also that the, force with which the 
expansion takes place is very great, being strong enough to 
rupture a bomb-shell. It is because of this expansion that we 
often have water-pipes bursting during frosty nights. The 
bursting of the pipe takes place when freezing occurs but is only 
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discovered when the thaw takes place. This has given rise to 
a belief among some people that thawing causes the pipe to 
burst, but this is quite wrong. 

Results in Nature of the Peculiar Expansion of 
Water. — Let us now try to apply what we have learnt about 
the way in which water behaves when it is cooled, and see what 
happens when the water of a pond is gradually cooled on a 
frosty night. As the temperature of the water at the surface gets 
lower and lower, the water there gets smaller and consequently 
denser. It therefore sinks and its place is taken by warmer 
water from below. The same cooling and sinking of the surface 
water continues until the temperature of the whole of the water 
is 4° C, at which temperature it has its maximum density, and 
consequently when the water at the bottom of the pond reaches 
this temperature it remains where it is. After the temperature 
of the water at the surface has reached 4° C, any further cooling 
causes it to expand and get lighter, and this result continues 
until 0° C. is reached and the water at the surface is changed 
into ice, which, being considerably lighter than water, remains 
on the surface. Ice, is, moreover, a very bad conductor of heat, 
and consequently the temperature of the water below the ice 
gets cooler very slowly and the thickness of the ice increases at 
but a small rate. 

This condition of things prevents several disastrous conse- 
quences which would of necessity follow if ice were denser than 
water. If ice were denser than water, it would sink to the 
bottom of the pond at the moment it was formed, and as the 
frost continued, the ice would spread throughout the mass of 
the water, and not only would this result in the destruction of all 
the water animals in the pond, but it is more than probable that 
the heat of summer would be insufficient to completely melt it. 

Heat Absorbed in the Fusion of Ice 

EXPERIMENTAL WORK 

127. Melting Point of Wax. — Melt a little paraffin wax in a beaker, 
and immerse the bulb of a thermometer in the liquid. When the ther- 
mometer is taken out, a thin film of liquid paraffin will be seen upon it. 
Let the bulb cool, and notice the temperature when the wax assumes a 
frosted appearance, indicating that it is solidifying. When the wax on 
the bulb has become solid, place the thermometer in a beaker of water 
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and gently heat the water. Observe the temperature at which the wax 
becomes transparent again. The mean of this result and t)ie priced ng 
one is the melting point of paraffin wax. 

128. Melting Point of Sulphur. — Draw out, in the flame of a labo- 
ratory burner, a piece of glass tubing so as to make a small thin- walled 
tube, about two or three inches long and 
■^-inch in diameter. Into this tube place 
some finely powdered sulphur. Tie the filled 
tube on to a thermometer near its bulb, and 
put the thermometer into a beaker of sulphuric 
acid which has been placed over a burner. 
(Be very careful not to upset the acid. ) Gradu- 
ally heat the acid and keep it at a uniform 
temperature by moving the curved stirring 
rod (shown in Fig. 145) up and down. Notice 
when the sulphur melts and at that instant 
read the thermometer. This reading will be 
the melting point of the sulphur. The same 
method may be used to determine the melting 
point of wax. 

129. Melting Point of Ice. — Pound some 
pieces of clean ice and thrust a thermo- 
meter into the pounded mass. Record the 
temperature indicated. Put some of the ice 
into a beaker and pour in some water, stir the 
mixture and again record the temperature. 

Place the beaker on a sand bath and warm 
gently. Notice the reading of the thermometer as long as there is any 
ice unmelted. 

In all these cases the rtading of the thermometer is the same, or the 
temperature of melting ice is constant. 

130. Heat required to Melt One Gram of Ice. — Weigh about 300 
grams of warm water into a beaker, and observe its temperature. Put 
a few small pieces of ice into the water, stir them round with the thermo- 
meter, and, as soon as they have melted, ajgain observe the temperature 
of the water. Now make another weighing and find out by subtrac- 
tion the mass of the ice added. From these results calculate in the 
way shown on p. 195 the number of heat units required to melt one 
gram of ice. 

Melting Points.— When a solid is heated, the first eflfect 
of the heating is to make it get larger. But if the heating is 
continued long enough, when the solid reaches a certain tem- 
perature, which differs for different solids, melting begins. 
The solid changes into a liquid. The temperature at which the 
melting takes place is called the melting point. Thus, when 
Ex. Sc— I. O 



EiG J45.— Determination 
of melting point. 
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a lump of lead is heated its temperature rises, it gets larger, and 
as the heating is continued it is converted into a silvery looking 
liquid. Wax, ice and iron are other examples of solids which 
melt. But ice, wax, lead and iron differ very widely in the 
temperature at which they begin to melt, as the following table 
shows : — 

Ice melts at o° C. 

Beeswax „ „ 65° C. 

Lead „ „ 330° C. 

Cast iron „ „ . . . . 1200° C. 

As long as any of the solid remains unmelted the temperature 
does not rise above the melting point. We can easily satisfy 
ourselves that this is true in the case of ice. If we pound some 
pieces of clean ice, and thrust a Centigrade thermometer into 
the powdered mass, we shall notice that the thermometer records 
a temperature of 0° C. Or, if we put some of the ice into a 
beaker and pour in some water, we shall find after we have 
stirred the ice and water together for a little while, provided we 
have put enough ice to be sure that it does not all melt, that the 
thermometer still records a temperature of 0° C. And even if 
we put the beaker with the ice and water in it over a laboratory 
burner and warm gently, we still find that, as long as there is 
any ice unmelted, the thermometer still reads 0° C. It is very 
evideiit, then, that the temperature of melting ice is always the 
same, and remains the same as long as there is any ice unmelted. 

Latent Heat. — The experiments which have just been 
described are of the very greatest importance. You should not 
leave them until you understand what they mean. When the 
mixture of ice and water is heated over a laboratory burner, it 
is certain that heat is being continually absorbed by the mix- 
ture. Yet the temperature as recorded by the thermometer 
gets no higher. The question arises, what becomes of this heat 
which has no effect upon the temperature of the mixture ? What 
effect does the heat absorbed by the mixture have ? We cer- 
tainly notice that the ice is gradually melted, and if we continue 
the heating long enough it is all changed into water. And as 
soon as this has happened every further addition of heat raises 
the temperature of the water. These considerations lead us to 
conclude that the heat absorbed by the mixture is all used up in 
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bringing about • the change of ice into water. Further, it is 
found that the change from the solid to the liquid state, not 
only in the case of ice, but of every other solid, can only be 
brought about by a similar absorption of heat. This amount of 
heat which is necessary to change a solid into a liquid is spoken 
of as latent heat. The word latent comes from a Latin word, 
meaning "lying hidden," and refers to the circumstance that 
the heat used up in changing a solid to the liquid condition has 
no effect upon a thermometer. 

Hdw the Latent Heat of Water is Measured.— To 
find out how many units of heat are required to melt a gram 
of ice, we mix together known masses of warm water and ice, 
the temperature of both being known, and then record the tem- 
perature of the mixture at the instant the last piece of ice dis- 
appears. The facts which in this way become known are as 
follows : — 

i. Mass of warm water in grams, 
ii. Mass of ice in grams, 
iii. Temperature of warm water, 
iv. Temperature of the ice. 
V. Temperature of the mixture at the instant the ice finally 

disappears, 
vi. Number of degrees through which the temperature of the 
water falls. 

You must now consider what number of heat units have been 
lost by the water, and what number have been gained by the 
ice and by the water into which the ice is changed as it melts. 

The loss of heat is at once calculated by knowing that a 
certain number of grams of water have fallen through a given 
number of degrees of temperature, and if these numbers are 
multiplied together the result shows the number of units of 
heat lost by the warm water. 

The gain of heat consists of two parts ; first, the number of 
units of heat necessary to melt a known number of grams of 
ice, and this number we do not know. Secondly, the number 
of units of heat required to raise the temperature of the mass 
of water at 0° C. (formed by melting a known number of grams 
of ice) up to the temperature of the mixture. This number of 
units of heat we know by multiplication. 

O 2 
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We also know that the total loss of heat and the total gain of 
heat are equal. Consequently, it should be plain that the differ- 
ence between the two known results obtained above tells the 
number of units of heat used up in melting the ice. 

.Latent Heat of Water. —The number of units of heat 
which are required to change the state of a gram of ice, con- 
verting it from the solid to the liquid condition, without raising 
its temperature, is called the latent heat of water, or the latent 
heat of fusion of ice. To melt one gram of ice requires 80 
heat units. That is to say, as much heat as would raise the 
temperature of a gram of water through 80° C, or would raise 
the temperature of 80 grams of water through i*^ C, is used 
up in changing a gram of ice into a gram of water at the 
same temperature. Similarly, to melt i lb. of ice requires as 
many heat units as are necessary to raise the temperature of a 
pound of water from 0° C. to 80° C, or as much heat as is 
wanted to raise the temperature of 80 lbs. of water through 
one degree Centigrade. 

Natural Consequences of Latent Heat of Water.— - 
Just as it is necessary before a pound of ice can be changed 
into a pound of water to pour into it an amount of heat 
which would raise the temperature of a pound of water 
through 80° C, so before a pound of water can be changed into 
a pound of ice, we must take from it precisely the same amount 
of heat. This is why it takes so many cold nights to cover a 
pond with ice, for not until every pound of water at the surface 
has had this large amount of heat taken from it can it change 
into ice. For just the same reason, it takes a very long time to 
completely melt the snow in the roads and the ice on the ponds, 
even after a thaw has set in. 

. Heat Absorbed in the Conversion of Water into 

Steam. 

EXPERIMENTAL WORK 

131. Latent Heat of Steam. — Arrange a flask with the connections 
shown in Fig. 146. The short length of wider glass tube is a trap to 
catch condensed steam. Put some water into the flask and boil it. 
While the water is getting hot, weigh out about 300 grams of water in a 
beaker or a thin inetal vessel, and observe its temperature. After 
steam has been issuing from the glass tube for a few minutes, place the 
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beaker A so that the end of the tube is well under the water, and let it 
Stay there until the thermometer records a temperature of about 40** C. 



Fig. 146.— Apparatus for determining the heat required to convert water into steam. 



Then weigh the water again to find the mass of steam condensed. 
Enter the observations as follows : — 



Mass of water gm. 

Mass of water .+ mass of condensed 

steam gm. 

Mass of condensed steam gm. 



Temperature of water at begin- 
ning ^C. 

,, „ ,, atend ...**C. 
Rise of temperature **C. 



As before, the changes of temperature can be arranged under two 
heads : — 

Gain. i^ Loss. 



gm. of water were raised 

through ° C. The quantity 

of heat used equals mass of water x 
rise of temperature. 

= heat units. 



gm. of steam weie con- 
densed to water at 100° C. 

gm. of water at 100' C. 

fell to •* €., that is, through 

° C, and the quantity 

of heat thus given up equals mass 
of condensed steam (water) x fall 
of temperature. 

= ...... heat units. 



gitized by Google 



198 EXPERIMENTAL SCIENCE chap. 



You thus see the quantity of heat gained, and how much of the gain 
was due to condensed steam falling n:om ioo° C. to the final tempera- 
ture. The remainder shows you the amount of heat given up by a 
certain mass of steam in condensing into water. Find the amount of 
heat given up by i gm. of steam in condensing to form i fpa. of water. 

Latent Heat of Steam.— You have noticed several times 
in different experiments that when once water has started to 
boil, its temperature gets no higher than the boiling point. As 
long as there is any water left, no matter how much you heat it, 
its temperature remains the same. After what has been learnt 
about the latent heat of water, you will have no difficulty in 
understanding the reason for this. All the heat is absorbed, or 
used up, in bringing about the change from the liquid state to 
that of vapour. It requires a great many more heat units to 
convert one gram of water at a temperature of ioo° C. into 
steam at the same temperature, than it does to change a gram of 
ice at o° C. into a gram of water at o° C. Whereas to bring about 
the latter change requires an expenditure of 80 heat units, to 
convert a gram of water at 100° C. into a gram of steam without 
changing its temperature requires no fewer than 536 heat units. 
Or the latent heat of steam, or as it is sometimes called, 
the latent heat of vaporisation of water, is 536. Ex- 
pressed in another way, we may say that it requires as much 
heat as would raise the temperature of 536 lbs. of water through 
1° C. to simply bring about the change of one pound of water 
at 100° C. into one pound of steam at the same temperature. 
It must also be remembered that a liquid is never changed into 
a vapour without some absorption of heat. This is true 
whether the change takes place quietly in evaporation or 
rapidly as in bailing. 

Some Familiar Instances of the Heat absorbed 
when a Liquid is changed into a Vapour.— If you 
sprinkle some liquid, such as ether or alcohol, upon your hands 
and wave them about, you notice the hands get cold. This is 
because the heat necessary to bring about the change from 
iiauid to vapour is taken from the hand. 

A dog cools himself by letting his tongue loll out. This is 
because the evaporation which takes place from the large sur- 
face of tongue exposed causes heat to be taken from the tongue 
itself, and to consequently cool it. In tropical countries, where 
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the land gets very hot during the day, evaporation takes place 
so rapidly after sunset that the water becomes sufficiently cooled 
by the extraction of so much heat to bring about the change 
from liquid to vapour that it freezes. Again, not only is the 
dust laid by watering the roads in summer, but the air is 
pleasantly cooled by the evaporation of the water. 

Summary of Results.— We have now learnt the results 
of heating ice. Beginning with a lump of ice at a temperature 
of 0° C, we know that it melts and changes into water at 0° C. 
when we have poured 80 units of heat into every gram of it. 
Now we must carefully revise the further effects of continuing 
the process of heating. After all the ice has been changed into 
water at 0° C, each successive addition of heat has two effects. 
First, the temperature is raised, and secondly, the size or volume 
of the water is altered. While, however, the temperature rises 
regularly, the alterations in size are not regular. As we have 
found, the size of the water gets smaller and smaller to begin 
with for every degree increase of temperature. This is con- 
tinued until the temperature of 4° C. is reached, at which tem- 
perature the water has a smaller size than at any other, or it is 
at its maximum density. From 4° C. onwards, the temperature 
and volume of the water increase together as it is more and 
more heated, and this holds true until a temperature of 100° C. 
is reached, when the water is changed into steam as the water 
boils. When once the water has commenced to boil the tem- 
perature remains at 100'^ C. or as it is called the boiling point 
of water, as long as any water is left. But if we had a quantity 
of steam in an enclosed vessel away from water, we could go 
on raising its temperature above 100° C, and should obtain 
what is known as superheated steam. 

Graphic Representation of the Changes of Volume 
and Temperature accompanying Changes of State 
of Water. — These changes of volume and temperature are of 
such importance that we must take every means of making them 
clear, and it will help the reader to understand and remember 
them more easily if we represent them graphically. One 
way of doing this is shown in Fig. 147. The changes in tem- 
perature are marked on the right hand of the diagram. The 
width of the shaded portions of the illustration represents the 
volume at the various temperatures. Beginning at the bottom of 
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the figure, we are supposed to start with a lump of ice at - io° C, 
and to gradually warm it. Until the temperature reaches o° C. 
the ice behaves like most other solids, and regularly expands as 
it is warmed. When the temperature of o° C. is reached, though 
the heating goes on steadily, the temperature does not alter. 
The heat is used up in changing the ice into" water, and the 
volume of the water, as shown by the width of the shaded por- 
tion of the figure, is less than that of the ice. When all the ice 



^ point 




Freezing 
~ point 



Fig. 147. — Changes of volume of water from -xo"C. to 100* C. 

is changed into water, the further addition of heat causes the 
increase of temperature up to 4° C, but as the width of the 
shaded parts shows, the volume gets smaller until this tempera- 
ture is reached. From 4° C. to 100° C. the diagram shows 
temperature and volume increasing together. The temperature 
remains at 100° C. until all the water is changed into steam, and 
the size of the steam is 1,700 times greater than that of the 
water at 100° C. from which it was formed. Or, we can use 
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squared paper as shown in Fig. 148. The temperatntes are 
represented along the horizontal line, and the volumes by verti- 



FiG. 148.— Graphic representation of change of volume of water at different 
temperatures. 

cal distances above this line. The explanation of Fig. 147 will 
also make this diagram quite clear. 

Chief Points of Chapter XIII. 

Changes in Yolnme as Water is Cooled.— Water steadily contracts 
as it is cooled to 4° C. If the cooling is continued below 4* C, the 
water begins to expand, and does so until o" C. is reached. 

The density of the water in the same circumstances increases untft 
4° C. is reached, from which temperature it diminishes as the cooling 
proceeds ; 4° C. is known as the temperature of maximum demity of 
water. 

Tn its conversion into ice, water expands very much and with great 
force. 
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Melting Points. — The temperature at which a solid melts is called 
its melting point. 

Latent Heat. — The amount of heat necessary to change a solid 
into a liquid at the same temperature, or the amount required to 
change a liquid into a gas at the same temperature, is called latent 
heat. 

Latent Heat of Water. — The number of heat units required to con- 
vert one gram of ice at o* C. into water at the same temperature is 
known as the latent heat of vjater. Its numerical value is 80. 

Latent Heat of Steam. — The number of heat units required to con- 
vert one gram of water at 100" C. into steam at the same temperature 
is known as the latent heat of steam. Its numerical value is 536. 



Questions on Chapter XIII. 

I. A beaker containing a mixture of ice and water is heated be 
means of a flame, being kept well stirred all the time. 

Describe how the temperature, as shown by a thermometer, of which 
the bulb is immersed in the contents of the beaker, will vary as the 
heating is continued, and give reasons for the peculiarities observed in 
the rate at which the temperature rises. 

2. . When matter is transformed from the liquid to the gaseous state, 
what changes take place in its physical properties and the arrangement 
of it^ parts? Is the chemical constitution of the body altered by 
vaporisation ? 

3.'' Four ounces of hot lead filings and four ounces of water at the same 
temperature are poured upon separate slabs of ice. Will the lead 
or the water melt the most ice? Give reasons for your answer. 

4. How would you prove that when ice is melted heat is absorbed 
without rise of temperature ? 

5. Define what is understood by the melting point of a solid. Ex- 
plain how you would proceed to determine this temperature in the case 
of beeswax. 

6. What happens precisely when a liquid boils ? What connection is 
there between the boiling point of a liquid and the pressure of the 
atmosphere ? 

7. Give a detailed account of the changes in volume and temperature 
which are noticed as a piece of ice is continuously heated. 

8. What is meant by the latent heat of fusion ? Apply your defini- 
tion to account for the length of time necessary to effect a complete 
thaw after a season of firost. 

9. Describe and explain the means adopted to obtain ice in tropical 
countries. 

10. Why is ice wrapped in flannel in the summer when we want to 
preserve it ? 

II. What do you understand by the temperature of maximum density 
of water ? How has this temperature been determined ? 
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12. Explain carefully the changes in volume and density which water 
undergoes as its temperature is raised from 1° to 99° C. 

13. An ounce of water at 0° C. is mixed with ten ounces of water at 
70° C. What is the temperature of the mixture ? 

An ounce of ice is dissolved in ten ounces of water at 70° C. , and the 
temperature of the mixture is found to be something over 56" C. What 
can be learnt from this experiment ? 

14. What do we mean by the ** boiling point " of a liquid? Explain 
why good tea cannot be made at the top of a very high mountain. 

15. Two test tubes A and B are filled with water. A small piece 
of ice is allowed to swim in A, and a similar piece of ice is sunk by a 
weight to the bottom of B. Heat is applied to the closed end of A 
and to the open end of B. In which test tube may we expect the ice 
first to melt ? and in which may we expect the water first to boil ? 
Give reasons for your answer. 

16. How is the reading of a thermometer altered by wrapping a wet 
rag round the bulb? What will happen if the rag is wetted with (i) 
ether, (2) oil instead of water? How do you explain the various results? 
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CHAPTER XIV 

TRANSFERENCE OF HEAT 

Heat is Transmitted in Three Ways.— Heat is trans- 
ferred from one place to another in three ways, which will be 
considered in turn in this chapter. 

1. Heat may pass from one particle of a body to the next, 
travelling from the hotter to the colder parts, and causing no 
visible motion of the particles of the body. This mode of 
transference is called Conduction, and is the process by which 
solids are heated. 

2. When the heated particles actually move from one part of 
the body to another, causing it to become warmer throughout, 
the process is known as Convection. Liquids and gases 
become heated in this way. 

3. When the heat passes from one point to another in straight 
lines with great speed, without heating the medium through 
which it passes, it is said to be transmitted by Radiation. The 
heat of the sun is transmitted through space in this way. 

Conduction 

EXPERIMENTAL WORK 

132. Relative Conductivities of Metals, — {a) Obtain wires of copper, 
iron, brass, German silver and of any other metals available. Let the 
diameters be the same as nearly as possible, and the lengths about 
1 5-20 cms. Fasten the wires upon a strip of wood as shown in Fig. 149. 
Support the wood in a horizontal position and heat the wires with a 
flame where they meet. After a few minutes slowly move a safety 
match along each wire in succession, commencing at the ends away 

204 



gitized by Google 



CHAP. XIV 



TRANSFERENCE OF HEAT 



205 



from the flame, and notice the points at which the matches will light. 
Repeat the experiment several times ; then take away the flame and 
measure the distance of these points from the heated ends. Find the 
average distance for each wire. 

The numbers obtained will show you the relative conducting 
powers of the metals of which the wires are composed. Write down 
these metals in the order of their ability to conduct heat, beginning with 
the best conductor, and putting gainst each name the average distance 
at which the match was ignited upon it. 

{d) Twist an iron and a copper wire together at one end. At about 
four inches from the joint fasten a marble on each with beesWax. Heat 




Fig. 149. — Experiment to illustrate 
the conduction of diflferent metal 



Fig. 150. — Experiment to illustrate 
the different conductivities of wood 
and metal for heat. 



the joint in a Bunsen flame. Notice that the marble on the copper is 
the first to fall. Why? 

133. Conductivities of Metal and Wood, — Wrap a piece of paper 
smoothly round a brass tube and hold in the flame of a gas burner. The 
paper is not scorched. Wrap the paper around a wooden rod of the 
same size, and heat as before : the paper is scorched. Fig. 150. Brass 
is a good conductor, wood but a poor one. How does this explain 
what you have noticed ? 

134. Lowering of Temperature by Conduction. — Make a short coil of 
stout copper wire J-inch internal diameter. Pass it over the wick of a 
candle without touching the wick. The candle is extinguished owing 
to the cooling effect of the wire, which conducts away the heat. 
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Fig. 15T.— To illustrate 
Expt. 135. 



,FiG. 152. — To illustrate 
£xpt. 135. 



135. Principle 
of Safety Lamp. — 
Turn on, but do 
not light, a gas 
jet. Hold over 
It a wire gauze, 
and light the gas 
above the gauze 
(Fig. 151). Notice 
that the flame 
does not strike 
through. Why? 
Vary the experi- 
ment by lowering 
a piece of cold 
wire gauze upon 
an ordinary 
Bunsen flame 
(Fig. 152). What 
happens ? 

136. Water is a Bad Conductor of Heat. — Fill a test-tube three- 
quarters full with cold water, and having weighted a small piece of ice 

by winding wire round it, or in some 
other way, drop it into the test-tube. 
Hold the test-tube near the bottom 
where the piece of ice is, and warm 
the top of the water in a Bunsen 
flame as shown in Fig. 153. The 
water at the top can be heated until 
it boils vigorously and yet the ice is 
not melted, showing what a bad 
conductor the water is. 

137. Gases are Bad Conductors of 
Heat. — {a) Examine the shadow of a 
red-hot poker. Notice that the heat- 
ing of the air, as exhibited by its 
flickering, extends but a very little 
way downwards, thus showing that 
air is a bad conductor of heat. 
(3) Place a little lime in the palm of the hand and bring the point of 

a hot poker upon it. The air enclosed in the lime does not conduct 

the heat of the poker, so the hand is not burnt. 

Conduction of Heat. — By touching a succession of things 
in a room, say the marble mantelrpiece, the fender, the back of 
a chair, the hearth-rug, we obtain a succession of sensations ; 
the first two we say are cold, the chair-back not quite so cold, 




Fig. 153.— To illustrate that water is 
a bad conductor of heat. 
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Fig. 154. — Sensation in relation to loss and 
gain of heat. 



while the rug feels quite warm, and yet they are one and all 
under the same conditions and there is no reason why they 
sliould not be at the same temperature. The explanation of 
these different sensations is really very simple. In all those cases 
where the hand receives heat we feel the sensation of warmth, 
while in those where the , 
hand gives out heat we say 
the body is cold or cool. 
Fig. 154 will enable the 
student to remember this. 
Now we see why the fender 
feels colder than the hearth- 
rug. The fender takes 
more heat from the hand 
than the hearth-rug, and it 
does so because it is a 
better conductor of heat. 

We shall do well to con- 
sider this expression a little. 
Put one end of a poker in 

the fire and hold the other. Soon the poker begins to feel warm, 
and as time goes on it gets warmer and warmer, until at last 
you can hold it no longer. Heat has passed from the fire along 
the poker, or has been conducted from the fire by the poker. 

The process by which heat p6U3ses from one particle 
of a body to the next is called conduction, and the 
body along which it passes is known as a conductor. 

Good and Bad Conductors of Heat.— Those substances 
which easily transmit heat in this way are called good con- 
ductors, while those which offer a considerable amount of 
resistance to its passage are called bad conductors. 

The experiments you have performed have shown that some 
metals conduct heat more easily than others. Because in 
Expt. 132 {p) the marble fell off the copper first, we know the 
heat travels along copper more readily than along iron. You have 
probably noticed that a silver spoon soon gets too hot to hold 
when put into a cup of freshly-made tea, while an ordinary 
plated spoon never gets inconveniently heated. Similarly, you 
have proved that wood is a bad conductor of heat compared 
with copper and other metals. Liquids are, as a rule, bad con- 
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ductors of heat, though quicksilver, being a metal, is an excep- 
tion. If liquids were heated only by conduction, water would 
boil throughout just as quickly when the source of heat was 
placed in contact with the top layer of liquid as it does when 
the heating takes place from below. 

Gases are even worse conductors of heat than liquids, the 
everyday methods of taking the conducting power for heat of 
different substances into account are mostly applications of the 
very low conductivity for heat which air possesses. 

Everyday Uses of Bad Conductors.— To keep ice in 
the warm days of summer the custom is to wrap it up in flannel 
and put it into a refrigerator. The flannel, because of its loose 
texture, encloses a quantity of air, which, being a bad conductor 
of heat, prevents the passage of heat from the warm outside air 
to the cold ice inside. 

Similarly, ice which has to be conveyed by rail or boat is 
packed in sawdust. 

The refrigerator itself, too, depends upon much the same 
facts. The common form consists of a double-walled box with a 

space between the walls. This 
is either left " empty " as it is 
called when it is full of air ; 
or, it is filled with some other 
bad conductor, such as the 
mineral substance asbestos. 

If we wish to lift a hot plate 
we hold it with a folded cloth 
for the same reason. Cylin- 
ders of engines are encased 
in a packing of some badly 
conducting material. 

Convection 

EXPERIMENTAL WORK 

138. Convection in a Liquid. — 

Heat over a small flame a round- 

FiG. 155.— Convection currents. bottomed flask full of water, as in 

Fig. 155. Throw into the water 
some solid colouring matter, like cochineal, aniline dye, litmus, &c» 
Notice how the hot and coloured water ascends. 
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139. Convection Currents in Gases, — {a) Sligh^Jy open the door ot 
your room, and hold a lighted candle (a) near the bottom, (^) at the 
middle of the opening, (c) near the top. How is the light affected ? 
(Fig. 156.) 

{b) Place a short piece of candle in a saucer, light it, put a lamp glass 
over it, and pour sufficient water into the saucer to cover the bottom of 



Fig. 156. — To illustrate Experiment 139. Fig. 157.— How to ventilate. 

the lamp glass (Fig. 157). Watch how the light of the candle is 
affected, and describe what happens. Next cut a strip of card less than 
half the height of the lamp glass, and nearly as wide as the internal 
diameter of the top. Jnsert the card into the lamp glass so as to divide 
the upper part into halves. Now light the candle again, and see 
whether it will burn with the divided chimney over it. 

Test the direction of the currents of air at the top of the chimney by 
holding a smoking taper or match over it. 

Process by which Liquids are Heated.— The process 
by which water and other liquids are heated may be easily 
studied by heating water into which some solid colouring 
matter, like cochineal, aniline dye, litmus, &c., has been thrown 
in a round-bottomed flask over a small flame, as in Fig. 155. 
The water nearest the flame gets heated, and consequently 
expands and gets lighter. It therefore rises, and causes a warm 
ascending current of coloured water. But something must take 
the place of this water which rises, and the cold water at the 
Ex. Sc— I. P 
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top being heavier jthan the warm water, sinks to the bottom 
and occupies the space of the water which has risen. This 
water in its turn gets heated and rises, and more cold water 
from the surface sinks. This gives rise to upward currents of 
heated water and downward currents of cool water, until by- 
and-by the whole of the water is heated. These currents are 
known as convection currents, and the process of heating 
in this manner is called convection. Eventually the whole 
of the water gets so hot that the bubbles of vapour which 
are formed near the source of heat are not condensed again in 
their upward passage through the liquid, and coming to the 
surface they escape as steam. 

Gases are similarly heated by the process of convection, which 
may be thus defined :— Convection is the process by 
which fluids (Hquids and gases) become heated by 
the actual movement of the particles of the fluid due 
to difference of density. 

Applications of Heating by Convection.— Heatings 
Buildings by Hot Water.— One of the commonest ways of 
heating large buildings is by means of hot-water pipes, and the 
efficacy of this plan is due to the facts we have just learnt. In 
Fig. 158 we have the condition of things in such a building very 
simply represented. We will suppose, to begin with, that the 
boiler B, the pipes ab^ &c., and the coils C, C, are nearly full of 
cold water, and that the fire below the boiler is lighted. Heat 
passes through the bottom of the boiler by the process of con- 
duction and heats the layer of water near it, which, expanding, 
rises and passes up the tube ab to the top of the building, where 
it gives out its heat to the rooms. The place of this water which 
has thus risen is taken by cold water from the other pipe, ter- 
minating just past d. This in its turn gets warmed and rises, 
and its place is taken by the water which has become cold by 
its passage through the pipes in the various rooms. There is 
thus no difference in this case from what we have seen to be 
true in the flask of water being heated from below. 

Ventilation. — The ventilation of ordinary dwelling rooms 
is easily possible because of the way in which gases become 
heated by convection. The air in a room becomes warmed and 
rendered impure at the same time. Consequently, there is a 
tendency for the impure air to rise, and if a suitable place 
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near the ceiling is made for it to get out, as well as a place 
near the floor for the colder, purer air from outside to enter, we 
shall have a continuous circulation of air set up which will keep 
the atmosphere of the room pure and sweet. 



Fig. 158.— Arrangement of pipes for heating a building with hot water. 

If the door of a room is opened and a lighted candle is held 
I St near the top, 2nd near the bottom, 3rd at the middle of the 
opening, the light is affected as shown in Fig. 1 56. 

Another experiment is to place a short piece of candle in 
a saucer, light it, put a lamp glass over it, and pour sufficient 
water into the saucer to cover the bottom of the lamp glass 

P 2 
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(Fig. 157). If we watch we see that the light of the candle is 
affected and eventually goes out. But if we cut a strip of card less 
than half the height of the lamp glass, and nearly as wide as the 
internal diameter of the top, and insert the card into the lamp 
glass so as to divide the upper part into halves, and we light 
the candle again, it will be seen to continue to bum with the 
divided chimney over it. A current of warm air will rise up one 
side of the strip of card and a current of coolei* air flows down 
the other side to take its place. 

Radiation 

EXPERIMENTAL WORK. 

140. Heat Transmitted by Radiation. — (a) Place the differential ther- 
mometer (Fig. 123) about a foot away from the flame of a laboratory 
burner so that both its arms and the flame are in one straight line. 
Notice that the bulb of the thermometer nearer to the flame is hotter 
than the one more remote. How does the heat of the flame travel to 
the thermometer ? 

ijb) Arrange the bulbs of the thermometer a foot above the flame and 
observe the nearer bulb is warmed much more than before. The air 
in this case is heated by convection as well as radiation. 

{c) When you have an opportunity, focus the rays of the sun upon the 
back of your hand by means of a reading glass. This can be done by 
placing the reading glass l^etween the sun and the hand and moving the 
glass until the brightest image of the sun is obtained. Notice that the 
heat is very intense and burns you. Notice that the glajs itself is not 
heated to the same extent. 

141. Effect of Surface upon Radiation and Absorption. — («) Obtain 
two small bright tin cans or canisters, and fit into each a cork having a 
hole through which a thermometer will pass. Cover the outside of one of 
the vessels with lamp-black by holding it over a candle or luminous gas 
flame, or over burning camphor. Put the same quantity of hot water at 
the same temperature in each, and then cork up the vessels, each cork 
having a thermometer through it so that the bulb is well immersed in 
the water. Observe the temperature of each vessel of water, and if the 
temperature of one is higher than that of the other, cool the vessel until 
the temperatures are equal. Then put the vessels in a cool place where 
there are no draughts, and after 20-30 minutes again read the tem- 
peratures. 

The blackened vessel will be found to have lost or radiated more heat 
than the bright one. 

{b) Similarly equally fill a blackened and a bright vessel with 
cold water of the same temperature, and hang thein for 20-30 minutes 
at the same distance above an iron plate, supported on a tripod stand 
and heated by a laboratory burner. At the end of this time observe 
their temperatures. 
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The blackened vessel will be found at a higher temperature than 
the bright one, therefore a lamp-black sur&ice absorbs heat better than 
a bright metallic surface. 

Ra.diation.— The experiments just described are sufficient 
to convince you that heat can travel from one place to another 
in a third way which is neither conduction nor convection. The 
respects in which radiation differs from the other ways in which 
heat moves from one place to another are (i) it travels in straight 
lines and (2) it does not warm the medium through which it 
travels. Although you may not have thought of the fact that 
radiation travels in straight lines, you have made use of it when 
you have screened your face from the heat of the sun or of a fire. 
When you wish to protect yourself from the glare of the summer 
sun you seek a shady space because then some object, may be a 
tree or a house, is in the straight Ime between you and ,the sun. 

A reading glass is not warmed by the passage through it 
of the radiations from the sun. Evidently, then while passing 
through the glass the radiations are not heat. Really, no 
radiation is heat. It is simply a wave-motion in the medium 
through which it passes. This medium we shall learn (p. 215) 
to call "the ether." It is only when certain ether waves are 
absorbed by material bodies that they give rise to heat. Those 
ether waves which by absorption give rise to heat are often 
spoken of as * radiant heat,' but the name is wrong, as you will 
understand when you bear in mind that radiations are only 
wave-motions in the hypothetical medium which is supposed 
to fill the space between the outer limits of the earth's atmo- 
sphere and the sun, and also to exist throughout the mass 
of all transparent bodies. To speak more accurately, we must 
say heat travels from one spot to another by radiation, when (i) 
a body in one spot is sufficiently hot to cause wave motions in 
the ether surrounding it, (2) these are transmitted through the 
ether to (3) a second body which absorbs the wave-motion and 
becomes warmed. The subject of radiation is more fully dealt 
with in subsequent chapters. 

Chief Points of Chapter XIV. 

Heat is tranimitted in three ways (i) by conduction, (2) by convec- 
tion, (3) by radiation. 

Oondnotion is the process by which heat passes from one particle of a 
body to the next. 
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Gases are worse conductors than liquids, and liquids worse conductors 
than solids. 

Ck>iiTeotioii is the process by which fluids (liquids and gases) become 
heated by the actual movement of the particles of the fluid due to difler- 
ence of density. 

Heating buildings by hot water and methods of ventilation are appli- 
cations of heating by convection. 

Badiation differs from conduction and convection in two ways (i) it 
travels in straight lines, (2) it does not warm the medium through 
which it travels. 

Questions on Chapter XIV. 

1. Why is a vessel of water heated more quickly if heat is applied at 
the bottom than if it is heated at the top? 

Draw a diagram to illustrate the movements of a liquid heated from 
below. 

2. Point out the difference between the conduction and convection of 
heat. 

Describe an experiment showing that water is a bad conductor of 
heat. 

3. Water sometimes spurts from the spout of a kettle standing upon a 
Are. How do you account for this, and how would you prevent it 
without taking the kettle off the fire ? 

4. Explain fully the manner in which liquids become heated. De- 
scribe some useful application of the facts. 

5. Describe an eflfective plan for ventilating a dwelling room, and 
point out the principle upon which it depends. 

6. Enumerate the ways in which heat may be transferred from one 
place to another. 

7. How would you compare the conducting powers (as regards heat) 
of two metals ? 

8. How does the heat of the sun reach the earth ? Explain clearly 
the form in which it exists before and after reaching the earth. 

9. On a cold morning a gardener grasps the iron part of his spade 
with one hand and the wooden part with the other. Explain why one 
hand feels colder than the other. 

10. If a spoon made of solid silver, and one made of brass and only 
silver plated, are pb.ced with their bowls in some boiling water, the 
handle of the silver spoon becomes much hotter than that of the plated 
one. Why is this ? 

Describe an experiment by which you would show that your explana- 
tion is correct. 

11. If a hot lamp-chimney is touched with a cold knife-blade it will 
often crack. If a tightly-corked bottle full of water is put out of doors 
on a frosty night it will burst Explain as fully as you can the reasons 
for these two results. 

12. What is meant by convection ? 

Illustrate your answer by sketches, taking the case of a vessel filled 
With water and heated f-gm below and explain whv it is that convec- 
tion is set up. 
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CHAPTER XV 

REFLECTION AND REFRACTION OF RADIATION 

Radiation. — In Chapter X. the student has had his attention 
directed to this subject in considering energy. Radiation was 
there regarded as a form of energy, and was seen to present 
itself under several different aspects. Sound was instanced as 
an example of radiation which, resulting in the first place from 
a sounding body, is transmitted through the surrounding 
medium, air, as a vibration of its particles. The vibrating 
source of sound sets the neighbouring air particles oscillating 
backwards and forwards, and this one, in its turn, sets its 
neighbour in motion in the same way all along the line of travel 
of the sound disturbance. But after the passage of such a dis- 
turbance, the air returns to its previous condition and under- 
goes no permanent change. Such a mode of propagation is 
spoken of as wave-motion. 

In this- chapter, however, we shall chiefly concern ourselves 
with those radiations which include light and are conveyed 
through the other medium which has been already referred to. 
It is known as the ether and pervades all space ; it exists as well 
throughout the mass of all material bodies. These radiations 
are also propagated by waves, though in a different manner 
from that in which sound travels in the air. They may be 
regarded as ether-waves. 

Ether-Waves can produce Three Different Effects. 
— The ether-waves which come to our planet from the sun, and 
comprise what is inclusively called sunlight, produce different 
effects. If they fall upon our bodies they may be absorbed, and 
the energy of the wave-motion become converted into heat, and 

215 
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for this reason the waves which have been absorbed are some- 
times spoken of as Radiant Heat ; if they fall upon the 
retina of an eye, they may produce a sensation of light, and we 
then call the waves Light ; falling upon a photographic plate 
or upon a green leaf, they may produce certain chemical effects, 
and are then referred to as Actinic rays. The word " rays '' 
means simply kinds of radiation, and hence we may speak of 
heat rays, light rays, actinic rays. It cannot be too strongly 
insisted that in their passage through the ether, these ether- waves 
do not give rise to any of these results ; they are simply waves 
transferring energy by wave-motion. 



Radiation travels in Straight Lines 



EXPERIMENTAL WORK. 

142. Li}*ht Travels in Straight Lines. — Take three cards and make a 
small hole in each with a fine needle. Fix the cards on to wooden 
blocks so that all the holes are at the same heiijht and in a straight line. 
Place a lighted candle or a lamp in front of the card, and look through 
the third (Fig. 159). As long as the holes are in a straight line you can 



Fig. 159. — To illustrate that light travels in straight lines. 

see the light from the candle shining through. Move one of the cards 
aside, and notice that you can no longer see the light. It must be re- 
membered that what is true of light applies equally to all other kinds of 
radiation. 
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143. Pin-hole Camera, — {a) Construct a pin-hole camera as follows : 
— Make two pasteboard tubes, by rolling pasted paper on a wooden 
cylinder, so that one fits inside the other. For the wider tube pre- 
viously cover the cylinder with dry paper. Cover one end of the nar- 
rower tube with tissue paper and thrust this end into the wider tube. 
Line with black paper. Place 

the tube with the pin-hole mmBssaai^ ^^ 

facing a luminous object, e,g.^ ^m^^^^Sl^ m^ "— rymr^ 
SL candle. Notice that the 
image of the candle seen upon 
the tissue paper is upside 
down. Reason out how this Fig. 160.— A pin-hole camera, 

image is formed. Many toy- 
shops sell cheap pin-hole cameras, which may be used instead of 
constructing one from tubes. 

{d) Take off the top and knock out the bottom of a coffee canister, 
and blacken it inside. Then punch a hole in the middle of its length, 
about j\ inch in diameter. Hold this over a naked candle in an other- 
wise dark room ; a good image of the candle flame will be formed at 6 
or 8 inches distant upon a white card, or finely ground glass. (Lewis 
Wright.) 

144. Overlapping of Images. — Make several pin-holes near the first 
one in the pin-hole camera. For every pin-hole there is an image formed 
on the screen. Make the pin-holes more and more numerous, and nearer 
together, till the images overlap and become confused. At last diffused 
light is produced, which is an overlapping of images. This experiment 
explains why the image becomes blurred, and eventually disappears if 
the size of the single pin-hole is increased. 

Note. — If the teacher can photo^jraph some object well known to the 
class through a pin-hole, the exhibition of the photc^raph on the screen 
is an effective illustration. 

Light Travels in Straight Lines.— That light rays 
travel in straight lines can be at once shown by examining 
their paths as they pass through a hole in a shutter of a 
darkened room. Though, as has been learnt, the light-waves 
are not themselves visible, yet the path of the light becomes 
apparent because the minute particles of dust in the air are 
rendered luminous by the vibrations of the ether being absorbed 
by them. If there were no dust particles in the room the beam of 
light would not be visible. When the path of a beam is made 
visible by smoke or dust it is seen to be in a straight line. That 
light travels in straight lines may, indeed, be inferred from 
several everyday experiences. We cannot see round a comer ; 
if light travelled in lines that were sometimes bent (we are 
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speaking of a uniform medium), there is no reason why we 
should not. Or, again, every one knows that it is only necessary 
to put a small obstacle in the path of the light from a luminous 
body to completely shut out our view of it. The light from the 
setting sun, when the sky is cloudy, is often seen to travel in 
straight lines. 

The Images Produced by a Pin-hole are Inverted.— 
When an object is viewed through a pin-hote camera, it is seen 
to be upside down upon the screen. Similarly, all images 
produced by a small aperture are inverted. This inversion is a 
direct consequence of the fact that light travels in straight lines. 
That this is really the case can be fully understood by the 
following simple considerations. Let H, in Fig. i6i, be the 

pin-hole, and AB 
the candle. Rays 
are sent out in all 
directions by every 
point of the candle, 
but of 'all the rays 
from any point, such 
as A, only that in 
the direction AH 
can pass through 
the hole and form 
an image A'. Simi- 
larly, the only ray from B which can get through the hole is 
BH, so an image of B is formed at B'. The same reasoning 
applies to any part of the candle, hence a complete inverted 
image is produced. 

Size of Image Produced by a Pin-hole.— That the size 
of the image depends upon the distance of the screen from the 
pin-hole is proved practically by varying the distance of the 
screen from the pin-hole and measuring the length of the image. 
The greater the distance of the screen the longer the image. 
The reason for this alteration in the size of the image is a 
simple one. The farther the rays of light from the top and 
bottom of the object travel through the pin-hole, since one is 
travelling upwards and the other downwards, the farther apart 
they will be the greater the distance they travel. Consequently, 
the image is longer the more the screen is moved from the pin-hole. 




Fig. i6i. — To explain why the image of an object 
produced by a pin hole is inverted. 
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The relation between the sizes of the object and image 
according to their distances from the aperture is 

Length of Object _ Distance of Object from Aperture 
Length of Image ~ Distance of Image from Aperture 

The larger the image the less distinct is it because the small 
amount of light which can pass through a pin-hole is spread 
over a greater area. 

niuinination Due to Overlapping 6f Images.— When 
a pin-hole is made in the tinfoil covering the cap of a lantern 
from which the condensing lens has been removed, an image of 



Fig. 163.— Illumination varies inversely as the square of the distance from the 
source of light. 

the light in the lantern is formed on the screen, in a darkened 
room, in precisely the same manner as has been described in 
the preceding paragraphs. If a second hole be pierced, a 
second image is obtained. When the number of holes is 
steadily increased, one at a time, the images, it is observed, start 
overlapping, at the same time becoming blurred. When the 
number of images has become considerable no separate image 
can be distinguished, diffused light, as it is called, is produced, 
and thp screen is illuminated in the ordinary way. 

Intensity of Light. — In proceeding from the source of 
illumination, light spreads out as indicated in Fig. 162 so that 
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though each ray retains its original intensity the number of 
rays which illuminate a given area depends upon the distance 
of that area from the luminous source, S. At twice the distance 
the rays are spread over four times the area, so their illumin- 
ating effect, as at M, is only one-fourth of what it is at m. The 
amount of light received from a luminous source is thus 
inversely proportional to the square of the distance from the 



Shadows 



EXPERIMENTAL WORK. 



145. Shadows Produced by Small Sources of Light. — {a) Place a stick 
vertically between the wall and an ordinary ^sh-tail gas burner, so that 
the flat flame and the stick are in the same plane. The shadow of the 
slick on a screen is sharply defined. Turn the flame through a right 
angle, so that it is now parallel to the screen. The dark shadow is 
fringed by another less intensely black. 

{b) Cast a shadow of a sphere on to a screen, using a small source of 
light, such as a candle-flame. Notice that the shadow cast on the 
screen is very distinct, circular, and of equal darkness throughout. 

146. Shculows Produced by Large Sources of Li^ht, — {a) Substitute a 
lamp, with a ground glass globe larger than the sphere, for the candle in 

the last experiment. Notice that the shadow on 
the screen is made up of two parts, an inner very 
dark circular patch called the umbra^ while con- 
centrically arranged round it is a partially illu- 
minated shadow, forming a ring, called the pen- 
urn h' a, 

(b) Using the lamp with a large globe as in the 
last experiment, cast a shadow of a very small 
sphere. Notice that the shadow comes to a point. 
Fig. i63.--Umbraand as can be shown by moving the screen slowly 
penumbra. f^Q,^ ^^ sphere, when the shadow gradually be- 

comes smaller and disappears. This is a con- 
verging shadow, while those of two previous experiments are diverging 



Shadow of a Rod.— When the rod in the Experiment 
145 (a) is illuminated by the edge of the fish-tail burner the 
shadow of the rod thrown on the screen has sharp edges and it 
is equally black throughout. This, in common with all the 
phenomena of shadows you have experimentally studied, is the 
result of the fact that light travels in straight lines. The light 
from the edge of a flame is in the place of the illuminated pin; 
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hole, arid the explanation offered for the formation of the image 
by a small aperture applies here also— except that there is no 
crossing of the rays and no inversion. 

Umbra and Penumbra.— When in experimenting with 
the rod the flame is arranged so as to be parallel with the screen, 




Fig. 164.— Sharp shadow. 

the dark distmct shadow— the umbra— is fringed on each side 
by a less distinct shadow — the penumbra. Similarly, when a 
sphere is illuminated by a small source of light, such as a candle 
flame, it casts a clearly defined shadow on the screen, or the 
umbra only is present (Fig. 164). When, however, the source 
of light is larger, like the ground glass globe of the lamp, the 
umbra is surrounded by a partially illuminated concentrically 
arranged shadow — the penumbra. In Fig. 165 A represents the 



Fig. 165. — To explain how a blurred shadow is produced. 

illuminated globe, B the sphere, and mn the screen. By 
following the course of the rays of light the student will have no 
difficulty in understanding (i) the formation of umbra and 
penumbra, (2) how these result from the propagation of light 
in straight lines. 
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Laws of Beflection 

EXPERIMENTAL WORK. 

14/. Pin Method of Proving the Laws of Reflection, — Fix two slabs 
of wood at right angles as in Fig. 166, AB, CD. Against the upright 
slab place a piece of glass EF with blackened back so that reflection 
only takes place from the front. Upon the horizontal slab place a sheet 




Fig. 166. — Pin method of proving the law pf reflection. 

of white paper. Stick a pin b in the wood against the glass, and place 
another pin in the position a. Now procure another pin and stick it 
into the wood at c in such a position that ^ , by and the image of a are 
in a straight line. Draw with a finely pointed pencil a line along the 
edge of the glass xy ; then take glass and pins away. 

The paper will be marked by the pin-holes and the line xy» Draw 
lines through the pin-holes, and at ^, erect a normal to xy^ that is, a line 



X y" 


'^ 


\. 


■9 


*i 


d 







Fig. 167. — Angles of incidence and reflection. 

perpendicular to xy. Measure the angles abd^ cbd, and compare them 
(Fig. 167). Repeat the experiment two or three times, with the pins in 
different positions, and so determine that the angle of incidence and the 
angle of reflection are equal. 
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148. Laws of Reflection illustrated by a Mirror, — Fasten a little 
whitened, wooden stick with wax perpendicularly at the centre of a 



Fig. 168.— -To illustrate Experiment 148. 

plane looking-glass. Cast upon the mirror, at the foot of the rod, a 

beam of parallel rays from the lantern, or a sunbeam coming through a 

hole in a screen. Notice 

{a) that the reflected beam 

always makes the same 

angles with the mirror and 

the stick as the incident 

beam does, and (b) that the 

incident beam, the stick, and 

the reflected beam all lie in 

one plane (Fig. 168). 

149. Reflection cU two 
surfaces. — Place a lighted 
candle in front of a thick 
plate-glass mirror as in 
Fig. 169. Notice that two 
images can be seen when 
viewed a little from one side. 
One is due to reflection at the 
front surface, and the other 
is produced by reflection at 
the silvered back surface. 

Beflection of Light. 

— When any wave is said _ , ,,,.,. 

, /,/,-. , Fig* 169.— Multiple images produced by a thick 

to be reflected^ it is under- mirror. 
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stood that it comes into contact with the surface of some body, 
and is thrown back from that surface, and travels in a direction 
opposed to that in which it was originally moving. This may 
happen in two ways, either regularly or irregularly. In 
the first case it is turned back according to fixed rules, while in 
the second there is no uniformity about the reflection. The 
page on which this is printed appears to be white because, 

owing to the roughness 
of the paper, of the 
irregular reflection of 
the light which falls 
upon it. Or, if we 
powder a sheet of glass, 
the powder seems to 
be white for a similar 
reason ; there are many 
surfaces formed from 
which irregular reflec- 

FiG. 170.— Irregular reflection. tion takes place. The 

manner in which the 
rays leave the surface of a body when irregularly reflected 
can be seen in Fig. 170. 

Regular Reflection of Light.— Light is regularly 
reflected from a plane mirror, that is, a flat reflecting surface. 
Such a mirror can be made from a variety of substances, but the 
most common is of bright metal or silvered glass. To find the 
relation between the angle at which a beam strikes a mirror and 
the angle at which it is reflected, one at least of the experiments 
described should be performed. 

From these observations we learn that the light strikes the 
mirror at a certain angle and leaves it at the same angle. The 
angle at which the light or any sort of wave strikes the 
reflecting surface is called the angle of incidence, and the 
wave an incident wave. The angle at which the wave leaves 
this surface is known as the angle of reflection, and the 
wave as it leaves the reflected wave. 

Laws of Regulax Reflection. — From the experiments and 
considerations which have now been described we arrive at two 
laws which must be very carefully remembered : — 

I. The line representing the reflected wave is in the 
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same plane with the normal and the line representing 
the incident wave, and is on the opposite side of the 
normal from the incident line. 

2. The angle of incidence is equal to the angle of 
reflection. 

The student must bear in mind that these laws apply equally 
to all forms of radiation, whether in the ether or in air ; />., to 
all ether waves and to all sound waves. 

It was also learnt from Expt. 148 that when a wave strikes a 
reflecting surface normally^ t.e,y having travelled along the 
normal, it is reflected back upon the same line. 

Formation of an Image by a Plane Mirror.— The 
two rules just enunciated enable the formation of an image 
by a plane mirror to be easily understood 

Let MM be the plane mirror, and A a bright spot of light like 
the head of a pin in Expt. 147. First see what happens to the^ 
light ray which leaves A and 
strikes the mirror normally. 
It is reflected back along 
the same line and the re- 
flected ray appears to come 
from a point A' along A' A. 
In the case of any other 
rays, such as AB, the light 
ray is reflected in such a 
way that the angle of re- 
flection CBD is equal to 
the angle of incidence ABC 
and appears to an eye placed 
as in Fig. 171 to come along 
BD from a point A', where 
BD produced meets A A'. 
If we make the same con- 
struction for any other ray AB' it will be reflected and appear 
to ^>e coming along B'D', which produced backwards will pass 
through the same point A'. A' is therefore the image of A, and 
it can be easily proved by geometry that A' is as far behind the 
mirror as A is in front of it. 

These facts apply equally to the formation of the images of 
objects^ which can be considered as accumulations of small 
Ex. Sc— L Q 
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Fig. 171. — The formation of an image by a 
plane mirror. 
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material particles to which the construction given above for a 
point may be applied. For instance, the course of rays by 



Fig. i72.-Course of rays by which the image of a candle is seen in a plane 
mirror. 

means of which an image of a candle may be seen in a plane 
mirror is shown in Fig. 172. 

Botating Mirrors 

EXPERIMENTAL WORK. 

150. Principle of the Sextant. —Kt one end of a piece of board i foot 
long, by 4 inches wide, fasten by sealing-wax a cork upright ; through 
this pass horizontally a piece of glass tube about 2 inches long and 
i-inch internal diameter. Stretch a vertical thread across the opening of 




Fig. 173.— Apparatus to illustrate the principle of the sextant. 

the tube nearest the other end of the board (Fig. 173). Towards the other 
end of the same side fasten a circular sheet of cardboard divided into 
degrees, the o" being nearest to the tube and in the middle of the board. . 
Pivot in the centre of the circle two radial arms, one above the other, 
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one carrying at its end a vertical pin, the other a central mark. The 
second carries a 2-inch square piece of silvered glass in a vertical 
plane perpendicular to the arm. The pin-bearing arm being placed 
anywhere, the mirror-bearing arm is turned till the reflection of the. pin 
is seen and coincides with the thread in the tube. Whenever this is 
the case, the reading of degrees indicated by the pin is always twice as 
great as where the marked arm is. 

When a Mirror rotates, the Angle through which 
the Image moves is twice the Angle through which 
the Mirror moves. — This fact, proved practically by the 
above experiment, is util- 
ised in the Sextant, an 
instrument, used by sur- 
veyors and navigators, to 
measure the angle sub- 
tended by two distant ob- 
jects. Knowing the laws 
of reflection, the fact can 
be arrived at very easily 
by a knowledge of simple 
geometry. Thus, let MM 
be a mirror, capable of 
rotation, when in a verti- 
cal position. After a brief 
interval it will, when rotat- 
ing, have arrived at a new 

position MjMg. PC is a ray of light which strikes the mirror 
in its vertical position at right angles. 

The mirror rotates and the direction of the reflected ray is 
along OR. l\ is required to compare the angle POR through 
which the ray of light moves with the angle MOMi through 
which the mirror moves. 

Angle POM = a right angle 
Angle QOMi = a right angle 

.-. Angle POM = Angle QOMj 

The angle through which | ^ ^ ^ ^ 

the mirror moves J ^ 

= POM - MOQ 
- QOP 




Fig. 174. — Proof that the angle through which 
the reflected ray moves is double that through 
which the mirror is turned. 
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But since angle of incidence = angle of reflection 
QOP = QOR 

.*. FOR = 2QOP 

But POR is the angle through which the ray of light moves, 
and it is twice that through which the mirror moves. 

BefrSiCtion at Plane Surfa^ces 

EXPERIMENTAL WORK. 

151. {a) Refraction by Water. — Procure a rectangular metal box, such 
as a cigarette box, and put a wooden or metal scale on the bottom. In 
a darkened room let sunlight fall slantwise against the edge. The side 
of the box throws a shadow which reaches, say, to C,* which, since 



1' IG. i; 5.— Refraction of light. 

Kght travels in straight lines in the same medium, is a continuation of 
the rays of sunlight AB. Without disturbing anything, fill the box 
with water. The shadow no longer reaches to C, but only as far as D. 
Clearly the light-waves have been bent or refracted out of their original 
course. Notice that NN' is the normal, and that the light travelling ^ 
from the comparatively rare air into the comparatively dense water is ' 
refracted towards the normal (Fig. 175). 

{b) Obtain a medicine bottle with flat faces, and paste over one face 
a piece of paper having a circular hole cut in it (Fig. 176). On the 
glass draw a vertical and a horizontal line on the clear space as shown. 
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Ponr water into the bottle until it reaches the level of the horizontal 

line. Let a narrow beam of light enter the side of the bottle and 

strike the surface of the water where the two 

linf^c rrncc • if iji/ill lv» fnimrl tn lv» lv»nf tn\varHc 



a box of weights, a paper-weight, or a number 
Fig. 176.— Bottle for ex- of slips of microscope glass will do very well), 
periments on refraction. j^^jg ^^^^^ ^j^g g^jg^g ^f ^j^g gj^ss with a finely- 

pointed pencil. Place two pins, a, ^, as 
shown in the illustration, and then, looking through the glass froni 
the other side, stick in the pins c, d^ so that all four appear in a 
straight line. 

(^) Now take away 
the glass and pins and 
join the pin-holes on the 
paper as shown in Fig. 
• 178. Draw the normal 
ehf^ and the circle elfg. 
Draw //// and gk perpen- 
dicular to ebf. and com- 
pare the lengths /w, gk. 

^1 . , . Im . 

Obtam the ratio — , for 

different positions of the 
pins ; it will be found 
practically the same 
in all cases in which 
the same material is 
.used. 

Notice that the di- 
rection of the ray cd^ 
emerging from the glass, 
is parallel to that of 
ab. Fig. 178.— Refraction of light passing through glass. 
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Tlie following experiments will enable the general phenomena of 
refraction to be well understood. 

153. Phenomena Caused by Refraction. — (a) Place a bright object, 

say a coin, on the bottom of an empty basin, and arrange your eye so 

that the object is ^ust hidden by the edge of the basin. Get somebody 
to pour water into the basin. You vrill now be 
able to see the coin without any movement of 
your eye having taken place. Evidently there 
has been some bending of the direction of the 
light rays somewhere (Fig. 183). # 

{b) Stretch a wire across the opening in the cap 
of a lantern. Focus the shadow of the wire on 
the screen. Interpose a strip of glass in front of 
the wire and tilt the strip. Notice the displax:e- 
ment of part of the shadow. 

{c) Place a glass cell (Fig. 179) before the 
lantern and focus it on the screen. Let the sur- 
face of the water be visible. Put a lump of ice 
on the water, and observe the streaky appearance 

i» of the illuminated part of the screen. Add syrup, 

alcohol, and hot water by a pipette. Notice 
similar effects. 

{d Pour the vapour of ether out of a bottle, 

and observe the appearance on the screen Examine the shadows of 

burning gas, a red-hot poker or of platinum wire through which a 

current of electricity is jmssing. 

{e) Fill a glass cylinder (Fig. 180) with water, and place a coin at the 

bottom. On looking straight down through the 

water the coin appears nearer the surface than it 

really is. Hold another coin near the outside of 

the cylinder and place it at such a height that the 

two coins appear at the same level. The amount 

by which the coin in the water is apparently 

elevated by refraction can thus be found. The 

length of the column of water throu^jh which the 

coin is observed, divided by the distance from 

the top of the water to the outside coin, gives 

the index of refraction of water. 

(/) Repeat the experiment with methylated 

spirit. 



Fig. 179.— Glass cell 
for use in lantern. 



i^ ^ 



Befrax3tion of Light— Up to the present 
the light rays have been supposed to be 
moving through a medium of a uniform 
density throughout, such as is the case when 
it travels through air. When this is so, as 
we have seen, light travels in straight lines, 
and. coming in contact with a reflecting medium, is turned 



Fig. 180.— To illus- 
trate an effect of 
refraction. 
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back, according to the laws which have been studied. If, 
however, the light passes from one medium into another of a 
different density the propagation of the wave is no longer recti- 
linear, the passage from one medium into the other is accom- 
panied by a bending of its path. This bending is known as 
refraction, and the ray is said to be refracted. 

Bules of RefrarOtion.— In Fig. 181 the shaded lower part 
of the diagram represents a denser medium than the unshaded 
upper portion. The word denser is used here, and in similar 
connections, to mean optically denser, and must not be con- 
fused with what has been said of the density of bodies in 
Chapter IV. Let RI represent a ray passing from the rarer to 
the denser medium, or the 
ray incident on the surface 
of the denser medium at I. 
The angle RI makes with 
the normal at I is the angle 
of incidence. The ray is 
bent, as we have learnt ; in- 
stead of continuing its course 
in a straight line along IR' 
it is refracted and travels 
in the direction of IS which 
represents the refracted ray, 
the angle SIP being the 
angle of refraction. The 
angle R'lS which represents 

the amount the ray has been ^^^- 181.— To explain the rules of refraction. 

turned out of its original 

path is called the angle of deviation. With the centre I and any 
convenient radius describe a circle, and from the points where 
it cuts the incident and refracted rays draw perpendiculars on 
to the normal as in the figure. Also drop a perpendicular 
from the point R'. It is clear from geometry that R'P'is equal 
to the perpendicular let fall on to the normal from the point ^here 
the incident ray cuts the circle. The ratio between the lengths 
of R'P' and SP is constant for the same two media, e.g.^ air and 
water, whatever the angle of incidence. This ratio is called the 
index of refraction. Its value for air and water is about ^ ; for 
air and glass roughly j, depending upon the kind of glass. 
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The laws of refraction are then : — 

1. The incident ray, the normal, and the refracted 
ray are all in the same plane. The incident ajid re- 
fracted rays are on opposite sides of the normal. 

2. If a circle be described about the point of inci- 
dence, and perpendiculars be dropped upon the 
normal from the intersections of this circle with the 
incident and refra^cted rays, the ratio of the lengfths 
of these perpendiculars is constant for any two 
given media. 

Refraction through a Plate with Parallel Sides.— 

In the case of a ray of light passing completely through a 

plate of glass, having its sides parallel, the ray is bent 

towards the normal when entering the glass, and away from 

the normal when emerging so that 

: y its course is as AB, BC, CD, in 

I / Fig. 182. The ray is thus displaced 

I / laterally, but it emerges in a direc- 

^^^^QJ^^^^ -— I tion parallel to its original direction. 

^^^■PIHsl^^P Ii^ constructing a diagram for any 

/^ similar case, it should be borne in 

/ \ mind that when a ray passes from 

/ \ a less dense to a more dense 

^ ' medium, it is bent towards the 

F... ife.-R.f«o.ion dirough Pe^Pendicular to the separating 

a glass plate. surface ', and when a ray passes 

from a dense to a rarer medium, 

it is bent away from the perpendicular to the separating 

surface. 

Various Effects of Refraction.— Experiment 153 (<z), 
with the coin at the bottom of the basin, where being first 
hidden from view by the edge of the basin, it becomes visible 
again when water is poured into the basin is easily explained 
by tracing out the path of the light. 

In Fig. 183 let c be the position of the coin, in which it is just 
hidden as far as the eye is concerned by the edge of the empty 
basin. If the rays from the coin c be continued in straight 
lines these lines will evidently pass above the eye. Now when 
the water is put in, these rays, which before miss the eye, are 
refracted in passing out of the water and iust enter the eye, 
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making the coin appear to be in the position (f. The right side 
of the vessel, if continued upwards, represents the normal, and 




Fig. X83.— Coin experiment to show refraction. 

evidently in passing out of water into air the light-waves are 
bent away from the normal. 

The same kind of construction applies to the case when an 
object is seen obliquely through a thick glass plate. Fig. 184. 



Fig. 184.— Construction to show how refraction causes an object S to appear at S'. 

The object is displaced and also made to appear nearer 
than it really is. 

The streaky appearance seen when the light from a lantern 
is passed through water containing ice is due to the repeated 
refraction of the light on passing into layers of water of diff- 
erent densities (Expt. 153 (c)). This reason, too, explains the 
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similar results obtained when alcohol or syrup are mixed with 
water. 

It is the refraction of light in its passage from one medium 
into another of different density which explains several very 
familiar observations. A stick held in anything other than a 
perpendicular position in water appears to be bent upwards 
(Fig. 185), If a straight stick is fixed upright in water and 




Fig. 185. — To illustrate why a stick placed slantingly in water appears to be bent 

upwards. 

looked at from a point a few feet above the end, it will ap- 
pear shorter than it really is, in the proportion of three to four, 
so that if a length of four feet was under water, it would appear 
to be only three feet long. In the same way standing bodies 
of water always appear shallower than they really are on 
account of refraction. A pool of clear water only appears | of 
its actual depth, when viewed vertically. 

Befr€U)tion through a Prism and Lens 

EXPERIMENTAL WORK. 

154. Refraction by a Prism, — Focus on the screen a small cir- 
cular hole in the cap of the lantern. Introduce a wedge of glass, and 
observe that the spot is moved towards the base of the wedge. Let the 
first face of the wedge be oblique to the beam. Put a second wedge 
Mrith the first, face to face and base to base, so as to form a single 
wedge of double the angle. Notice the increased displacement of the 
light spot. Put them edge to base, notice the emergent beam is 
parallel to the incident. 
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155. Pin Method of Tracing Deviation by a Prism. — Stand a prism 
upright, that is, upon one of its ends, upon a piece of white paper. Stick 
two pins into the paper in the positions DE (Fig. 188), place two mow 
E' D' on the opposite side of the prism so that the four appear in a 
straight line when looking through the prism. Draw the outline of 
the prism abc^ and then take away the prism and the pins and connect 
the pinholes as shown in the diagram. It will be found that the ray 
is' bent towards the base of the prism both when it enters and emerges. 

156. Refraction by a Lens. — Obtain a convex lens, that is, a lens 
thicker at the middle than at the edges, and notice that if it is held 
between a luminous object and a small screen, an inverted picture of 
the object will appear upon the screen. 

157. (a) Formation of Images by Lenses. — Place a convex lens 
between a lighted candle and a screen, as in Fig. 186, and observe that 
an inverted image of the candle appears upon the screen. 

{b) Fix a convex lens of long focal length to form a real image of any 
object, as ^.^., a window, on a card placed at the position ab in Fig. 191, 




Fig. 186.— Formation of an image by a convex lens. 

in which AB represents the object. Next place on the other side of 
the card a convex lens of short focal length in^such a position that when 
looking through it, any mark upon the card' is clearly seen magnified. 
If the card is now taken away, the image formed by the other lens 
is seen magnified. Such an arrangement of lenses forms the ordinary 
astronomical telescope. 

Bef^ax3tion through a Prism.— In opticsa prism is defined 
as " a wedge-shaped piece of glass contained between two planes 
called its faces, which intersect in a line termed the edge of the 
prism." It may also be defined as a solid having three rectan- 
gular sides (Fig. 187). 

When such a wedge-shaped piece of glass is interposed in 
the path of a ray of light from a small hole in the cap of a 
lantern it is easy to see by watching the image of the hole on a 
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screen that the image moves in a direction towards the base of 
the prism. This is because the ray is bent by its passage 
through the prism, so that on its emergence from the glass, it 

continues in a new 
path inclined towards 
the base of the prism. 
The amount of bend- 
ing experienced by the 
ray of light depends 
upon (i) the angle 
between the inclined 
sides of the prism 
meeting in its edge, or 
the angle of the prism, 
as it is called ; (2) the 
material of which the 
prism is made and (3) 
the nature of the in- 
cident light. 

If two prisms of the 

Fig. 187. — General view and cross section of a prism. Same angle and ma- 
terial are so arranged 
that the edge of one adjoins the base of the other, the 
second prism undoes the bending of the first, and the ray as it 
leaves the combination of prisms continues its path in a direction 
parallel to the incident 
ray, though not, of 
course, in the. same 
straight line with it. 

Path of a Ray of 
Light through a 
Prism.— In Fig. 188 let 
the triangle abc repre- 
sent a section of the 
prism at right angles 

to its faces, such as we F^G- 188.— Path of a ray of light through a prism. 

should see by looking 

at the end of it. Suppose DE is a ray of light striking the face 
of ab of the prism. The light on entering the prism passes from 
the air into the glass, ox from a rarer into a denser ynediuniy and 
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is bent towards a line drawn perpendicular to the face of the 
prism at the point where the ray of light strikes it. It con- 
sequently travels along the line EE' until it reaches the face ac 
of the prism. Here it passes from the glass into the air, i.e. 
from a rarer into a denser medium^ and is, in such circumstances, 
bent/r^/w the perpendicular, and travels along the line E'D'. 
In every such passage through a prism it- is noticed that the 
light is always bent or refracted towards the thick part of the 
prism. 

Befi*action through a Lens.— Most lenses are of glass 
with curved surfaces which are portions of spheres. In some 



Fig. 189.— Lens built up of parts of prisms. 

lenses one surface is quite plane. All lenses can be divided into 
two clases— convex or converging., and concave or diverging. Con- 
verging lenses can be told at once by their power of forming 
an image of a distant object like the sun, or by that of magnifying, 
Concave lenses form no image in this way, and, moreover, 
instead of magnifying they make objects appear smaller when 
viewed through them. 

. T-a understand their action upon the course of rays of 
light through them it is simplest to regard them as being built up 
of parts of prisms in contact, as shown in Fig. 189, where a 
convex lens is built up in this way. A ray of light falling 
upon any one of these prisms is refracted towards its thicker 
part, and consequently they all converge towards a point, 
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which, if the incident rays are parallel, is known as the 
principal focus of the lens, as F in Fig. 190. Actually to 
find the distance of the principal focus away from the centre 



Fig. 190. — To show principal focus of a double convex lens. 

of the lens, that is, its focal lengthy it is only necessary to 
form an image of the sun by it on a screen and to measure 
the distance between the lens and the screen. 

The Telescope.— The principle of the refracting astro- 
nomical telescope can now be explained. Let O, Fig. 191, be 
a double convex lens forming an image <2 ^ of the object AB. 
This image becomes the object to a second smaller, though in 



Fig, 191. — Formation of image by telescope. 

Other respects similar, lens, placed near the eye. The second 
lens forms an enlarged image A'B' of this the first image ab^ 
in the way shown in the figure. A lens placed in the same 
relation to the smaller one as O is in the figure is called the object 
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glass^ while the smaller one which magnifies the image formed 
by the first constitutes the eye-piece. 

Other forms of Badiation citn be similarly Re- 
fracted. — The various circumstances which accompany the 
refraction of light-waves have been found to apply equally to 
the longer, slower ether-waves which we have called dark heat- 
waves. If we make a prism or lens of some substance which 
allows these slower waves to pass through it as easily as glass 
transmits light- waves, we can obtain similar results by experi- 
menting with them. Such a substance is rock-salt. It has 
been found by using a delicate instrument known as a ther- 
mopile,^ which reveals the presence of dark heat-waves very 
readily, in conjunction with a rock-salt prism, that the longer 
ether-waves are refracted in a manner quite identical with light- 
waves. So, too, by using a lens of the same material, these 
heat rays can be brought to a focus. 

Sound-waves are also refracted under suitable conditions. 
By filling a balloon with carbon dioxide we obtain a lens which 
is able to bring sound-waves in air to a focus beyond the 
balloon ; or, if instead we use a balloon filled with hydrogen, the 
sound-waves, instead of being made to converge, are caused to 
diverge. Thus, the balloon of carbon dioxide corresponds to 
a double convex lens, whereas that filled with hydrogen acts 
as a double concave lens. 

Chief Points of CHAFrER XV. 

Light, like every kind of radiation, is a form of energy. Hence it is 
a process of transference of energy by ether- waves. These ether-waves 
which affect the retina are known as ligh»^. 

Beetilinear Propagation of Light— Light travels in straight lines 
when propagated through any one medium, but often has its direction 
changed when passing from one medium to another {see, Refraction). 

Consequences of Beetilinear Propagation of Light.— (a) The images 
produced by a pin-hole camera are inverted, {b) The size of the image 
formed by such a camera can be found : — 

length of Object _ Distance of Object from Aperture 
Length of Image ~ Distance of Image firom Aperture 

{c) Illumination is due to the overlapping of images. 

\d) The formation of the umbra and penumbra. 

1 For a description of the Thermopile the student must refer to some book on 
Electricity. 



gitized by Google 



240 EXPERIMENTAL SCIENCE chap. 

Eeflection. — Light in being reflected from suitable surfaces, obeys'the 
following laws : — 

1. The reflected ray lies in the same plane as the incident ray and 
the normal. 

2. The angle of reflection is equal to the angle of incidence. 
Botating Mirrors. — When a mirror rotates, the angle through which 

the image moves is twice the angle through which the mirror moves. 

Eefraetion of Light. — A ray of light passing from a less dense to a 
more dense medium is bent towards the perpendicular to the separating 
surface, and conversely. The laws of refraction can be stated thus : — 

1. The incident ray, the normal, and the refracted ray are all in the 
same plane. The incident and refracted rays are on opposite sides of 
the normal. 

2. If a circle be described about the point of incidence and perpen- 
diculars be dropped upon the normal, from the intersections of this 
circle with the mcident and refracted rays, the ratio of the lengths of 
these perpendiculars is constant for any two given media. 

Befraction by a Prism. — The deviation of a beam of light caused by 
the action of a prism depends upon {a) the angle of the prism, (3) its 
material, {c) the thickness of it traversed, (r/) the length of the etjier- 
waves. 

Befraction through a lens.^Most lenses are of glass with curved 
surfaces which are portions of spheres. They can be divided into 
convex or converging and concave or diverging lenses. The point to 
which parallel rays after refraction converge, or appear to diverge, is 
called \\it principal focus. 



Questions on Chapter XV. 

1. A bright bead is placed at the bottom of a basin of water, and a 
person stands in such a position that he can just see it over the edge of 
the basin. While he is looking, the water is drawn off. How will 
this affect his view ? 

Draw a diagram showing the direction of a ray of light passing from 
the bead through the water and the air in each case. 

2. The sun shines through a crack in the shutter of a darkened room. 
A person inside the room says that he sees a ray of light entering the 
room. Put his statement in a more accurate form. What can he really 
see? 

3. A man looks through a thick glass window at a candle above the 
level of his eye. Draw a diagram to show the passage of a ray of light 
from the candle to his eye. Explain why the candle is not seen in its 
true position. 

4. A small opaque sphere is placed between a gas burner and a white 
screen, and when the gas is turned down so that the flame is very small 
it is found that the shadow cast on the screen is quite sharp, but on 
turning up the gas so that the flame is large that the edge of the shadow 
is blurred. Explain the reason for this change, illustrating your answer 
by means of diagrams. 
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5. Explain, why, if a sheet of paper be placed behind a pin-hole in a 
thick sheet of cardboard, an image of a brilliantly illuminated object on 
the other side of the cardboard will be formed on the paper. Why is 
the image fainter, but more clearly defined, if the pin-hole is very 
small ? 

6. A thick layer of transparent liquid floats on the surface of water. 
Trace the course of a ray of light from an object immersed in the water 
through the floating liquid to the air. 

7. Describe an experiment to show the path of a ray of light which 
passes obliquely through a thick plate of glass. Illustrate your answer by 
a sketch in which you indicate clearly the path of the ray in the air before 
it enters the glass, in the glass, and in the air beyond the glass. 

8. What are the laws of reflection at a plane mirror ? Describe experi- 
ments by which you would prove the truth of the laws you give. 

9. A boy wades in a pond which everywhere reaches to about the 
level of his knees. On account of the water some of the pebbles with 
which the bottom is covered are invisible and others are not seen in 
their true places. Explain this, and illustrate your answer by a diagram. 

10. Draw a triangle to represent a section of a prism and show how 
a beam of light is bent by passing through the prism. 

11. What experiment could you perform to explain such every-day 
phenomena as the shallow appearance of a brook, and the apparent 
bending of a stick which is slantingly plunged into water ? 

12. A candle is placed close to a looking-glass, and its reflection in 
the glass is viewed a little from one side. What will be seen ? A^ far 
as you can, explain the appearances which you describe. f 

13. An upright post is fixed in the bottom of a pond which is three 
feet deep ; the top of the post is three feet above the water. How will 
the post appear to an eye about the level of the top of the post and four 
or five feet away from it ? Draw a figure to illustrate your answer. 

What will be seen as the eye moves further and further back from the 
post? 

14. Describe a pin-hole camera, and explain, illustrating your answer 
by a diagram, how the image of a luminous object is formed by it. 

What experiment would you perform to show why it is that the 
image first becomes blurred and then disappears when the size of the 
hole is gradually increased ? 

15. Describe in detail, giving a sketch of the apparatus, an experi- 
ment to show that when a ray of light passes from water to air it is bent 
away from the perpendicular, or normal. 

16. Three candles are placed quite close together in a row at the 
centre of a room, and a wooden rod is held in a vertical position at a 
distance of about a foot from the candles. Explain, giving diagrams, 
why it is that as the rod is moved in a circle round the candles the 
shadow cast on the walls is in some positions sharp and in others very 
ill defined. 



Ex. Sc— I. 
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CHAPTER XVI 

DISPERSION AND THE ANALYSIS OF LIGHT 

Befi*£U3tion is accompanied by Dispersion 

EXPERIMENTAL WORK. 

158. Dispersion, — Place in front of a lamp or lantern a card with a 
rather wide vertical slit. Focus the slit with a lens on a piece of trans- 
parent paper or on a white screen. Introduce a glass or water prism 
into the path of the beam of light. Notice that the image is deviated 
towards the thick end of the prism as in the experiments on p. 234, also 
observe the coloured edges of the image. 

159. Dispersion a Consequence of Unequal Refraction. — Repeat the 
preceding experiment, but instead of a wide slit, use a very narrow one, 
and against it place a piece of red glass. Focus the red image of the 
slit on a fixed screen by means of a lens, and introduce the glass prism 
as before — mark where the image is on the screen. Without altering 
the position of any other parts of the apparatus, substitute a piece of 
blue glass for the red. Mark where the blue image is formed. Notice 
that it is farther from the original direction of the beam than the red 
image was. 

Refraction is accompanied by Dispersion.— In all 

the cases of refraction which have hitherto been considered the 
phenomena have been described as if all the ether-waves, which 
are contained in white sunlight, are bent equally, but this is 
really not so. If the experiments are performed as described, 
in every case it will be noticed that the image formed by the 
refracted ray is coloured round its edges. To prevent this com- 
plication, and to make the foregoing descriptions quite correct, 
we must suppose that waves of a given length are used, or, as 
it is called monochromatic lights such, for example, as could be 

242 
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obtained by burning methylated spirit in which common salt is 
dissolved. 

Ether Waves are not all Refracted equeJly.— What 
is commonly called "red'' light is not so much bent out of its 
path by a prism as "blue" light. Or, expressing the same fact 
in another way, red light is less refrangible than the blue light. 
It is found by accurate experiments, which the student will find 
described in books on light, that the sensation of red upon the 
retina is due to the absorption of ether-waves which are long 
and slow compared with those waves which when absorbed by 
the retina give rise to the sensation of blue. The shortest, most 
rapid waves are bent most ; the slowest, longest waves are bent 
least. The shortest, most rapid waves which affect the retina 
give rise to the sensation of violet. Since a prism bends ether- 
waves of different lengths unequally in this way, it provides a 
means of separating waves of different lengths from one another. 
Because they are bent differently the ether-waves are separated 
or dispersed by the prism. This may be expressed by saying 
that a prism can analyse light composed of waves of different 
lengths. 

The Analysis of Liirht by a Prism 

EXPERIMENTAL WORK. 

160. Formation of a Spectrum. — {a) Using the same arrangement 
as in the previous experiments, allow sunlight or a parallel beam firom 




Fig. Z93. — ^The analyus of light by a prism. 

a lantern to pass through the narrow slit. Focus the image of the 
slit on the screen, and as before, interpose the prism. Notice the band 
of colour. It is called a spectrum. Carefully observe, that as in pre- 

R 2 
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vious experiments, the red part has not been so much bent by the prism 
as the band of the blue. Trace the colours enumerated in Fig. 192 in 
the spectrum obtained. 
(^) Place a second prism with its base in the same direction as that of 



Fig. 193.— Recomposition of light by a second prism. 

the first. Notice a longer band of colour is obtained, but it is fainter. 

The amount of dispersion has been increased. 

(c) Place the second prism so that its base adjoins the apex of the 
first prism (Fig. 193). The band of colour dis- 
appears. 

[d) Substitute a hollow glass prism (Fig. 194) 
filled with carbon bi-sulphide for the solid glass 
prism used in the preceding experiments. Ob^rve 
the increased length of the spectrum, owing to 
the greater dispersive power of the carbon bi- 
sulphide. 

161. A Simple Spectroscope. — Procure a strip of 

wood about 12 x i x j^ inch, and glue a glass prism 

upright at one end of it. Stick a pin or a needle 

upright in the other end. Allow the needle to be 

illuminated by the flame of a spirit lamp into which 

salt is gradually allowed to fall. An orange- 

FiG 104 —Hollow coloured image of the needle is seen. Now illu- 

prism for filling minate the needle by a candle or gas flame, taking 

with liquid. care that the direct light from the candle does 

not fall upon the face of the prism (Fig. 195). No 

longer is a single image of the needle seen, but a complete band of 

colour from red to blue. This is produced by an innumerable multitude 

of images of the pin close together. 

Composition of Light.— When sunlight, or as it is called 
white light, is passed through a prism it is decomposed or dis- 
^rsed, owing to the different refrangibility of the various kinds 
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of light contained in it. An examination of the band of colour 
or spectrum will show that one coloui^ shades imperceptibly 
into the next. There is-, then, an infinite number of waves of 
different lengths comprised in the white light from the sun, and 
each ray is bent to an extent depending on' its wave-length. 

If the decomposed sunlight, instead ot being collected on a 
screen, be passed through a second prism similarly arranged, 



Fig. 195.— To illusttiite Experiment t6i. 

it will be seen that the band is longer or the dispersion is 
greater. The amount of dispersion also depends upon tl e 
material of which the prism is made. Glass produces a much 
greater amount of dispersion than water ; fliht-glass possesses 
twice the dispersive power of crown glass ; carbon bisulphide, 
again, has even more dispersive power than flint-glass. 

Although a continuous band of colour is observed when sun- 
light, or limelight, or a gas or candle flame is seen through a 
prism, this continuous spectrum is not always produced. For^ 
when substances such as sodium, strontium, and lithium, or 
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their compounds, are burnt in a non-luminous flame, and ob- 
served through a prism, a spectrum consisting of bright lines, 
which are different for different substances is seen* A prism 
may thus be used, and is used, to analyse light. The light of 
incandescent sodium vapour, produced by burning common 
salt in a flame, when observed through z prism is characterised 
by a yellow line, and the light emitted by other substances when 
burning are each distinguished by rays of a particular colour 
and position in the spectrum. 

Becomposition of White Light 

EXPERIMENTAL WORK. 

162. Recomposition by a Secoti4 Prism, — Repeat Experiment 160 {b) 
in which a narrow beam of light is passed through two glass prisms 
of equal angle, and so arranged that the base of one is adjacent with the 
apex of the other. No spectrum is produced. The second prism 
undoes the work of the first. It recombines the separate colours and 
re-forms white light. 

163. Recomposition by a Litis, — Instead of a second prism, arrange a 
double convex lens so that the screen passes through its focus. Allow 
the dispersed light from the first prism to fall upon the lens. Observe 
that a white image of the slit is formed on the screen. 

164. Recomposition by Colour Disc. — Upon a round piece of card 
paint sectors of the different colours contained in the spectrum, arranging 
the areas of the coloured sectors as nearly as possible in the proportion 
in which they occur in the spectrum. 

Place the card upon a whirling table (Fig. 196) or upon a top, and 
rotate it rapidly, when it will be found that light from the card gives 
rise to the sensation of white or grey. 

Formation of White light from its Constituents. — 
Just as it is possible to analyse white light, splitting it up into 
its constituent colours or wave-lengths, so, by suitable arrange- 
ments, these separated or dispersed colours can be made to re- 
combine, forming white light over again. This building up, or 
synthesis of white light can be effected in the following 
ways : — 

I. By interposing a second prism with its angle reversed. 
The dispersion of the first prism is neutralised and the beam 
of light leaves the second prism in a direction parallel to the 
beam incident upon the first prism. 
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2. By causing the dispersed constituents to fall upon a 
double convex lens. A screen placed at the focus of the lens 
shows a white image of the slit. 

3. By the colour disc. 

The ColoTir Disc— The explanation of .the recombination 
of the separate colours of the spectrum by means of a rapidly 
revolving disc, as in Experiment 164, is >aBry simple. It is due 
to what is called th^ persistence of images on the retina of: the 



Fig. 196.— The colour disc. 

eye. Each impression the retina receives lasts for a certain 
length of time — a fraction of a second. It is not an in- 
stantaneous impression only. Think of the common trick of 
whirling round a stick with a spark on the end — you know 
this gives rise to the impression of a continuous circle of light. 
This is because the second impression of the spark is received 
by the eye before the first impression has died away. Similarly, 
the impression of one sector, say, a red one, has not disappeared 
before the next is received, and while these comoounded im- 
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pressions linger a third one comes along. The blurred total of 
all these rapidly recurring impressions is the greyish white re- 
sult of whirling the colour disc. 

ColoTir of Bodies 

EXPERIMENTAL WORK. 

165. Colour of Transparent Bodies. — {a) Make an Oxford blue liquid 
by adding ammonia solution to copper sulphate dissolved in water until 
the precipitate formed is re-dissolved. Place the blue liquid thus made in 
a glass cell (Fig. 178). Focus the round hole of a lantern cap on the 
screen. Interpose the filled cell. Notice the pure blue colour. Now 
interpose red glass either before or behind the cell. Notice that no 
light can pass now. 

{b) Use the bi-sulphide prism to produce a long spectrum of a slit on 
the lantern cap. Pass the filled glass cell from the last experiment 
through the spectrum, and notice that it is only able to transmit blue 
light. Repeat the experiment with as many coloured transparent solu- 
tions as possible, e.g. , a solution of bichromate of potash, and of per- 
manganate of potash. Notice in each case that a particular liquid is 
only able to transmit light of its own colour. 

166. Colour of Opaqtu Bodies.— {a) Paint sheets of cardboard with 
various brilliant colours. Send the light from a lantern in an otherwise 
dark room upon them and catch the reflected light on white sheets of 
cardboard. Notice that the colour of the light reflected is the same as 
that of the card from which it is reflected. 

{b) Pass through the same spectrum various coloured opaque bodies, 
e.g.t a rod of sealing wax. Notice in this case it is only coloured when 
passing through the red rays. It appears a dull grey colour in most 
parts of the spectrum. Observe that green leaves are only coloured 
when passing through the green part of the spectrum. 

Colour of Transparent Bodies.— r>^^ colour of trans- 
parent bodies is due to the constituents of whit e light transmitted 
by them. A blue solution through which the light from the 
cap of a lantern is passed is blue because, of all the colours of 
the spectrum, it is able to transmit easily only the blue rays ; 
the others, green, yellow, orange, red, etc., are absorbed by 
the solution. Consequently, if this transmitted blue light 
falls upon a sheet of red glass it is, in its turn, absorbed ; 
red glass only transmits red light, that is why it is red. So 
that a combination of the blue solution and a piece of red glass 
is quite opaque to light — none of the colours of the spectrum 
can pass. Similarly, pieces of red and blue glass together 
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are, if thick enough, quite opaque. If a strip of coloured glass, 
or a solution in a narrow test tube, is held between a spectrum 
and a screen, it appears as a black shadow upon the screen in 
all parts of the spectrum except in the colour which it is able to 
transmit. Colourless transparent bodies like glass, water and 
so on, transmit all the colours of the spectrum with equal 
facility. 

ColoTiT of Opaque Bodies. — The colour of opaque bodies 
is due to the constituents of white light which they reflect. 
If the light from a lantern in an otherwise dark room be made 
to fall upon sheets of cardboard which have been painted with 
various brilliant colours, and the light reflected from the 
coloured sheets be caught on a white surface, it is at once seen 
that the colour of the light reflected is the same as that of the 
card from which it comes. 

Coloured opaque bodies when passed through a spectrum 
only appear coloured when in that part of the spectrum which 
is the colour they appear to Jiave in white light. A red substance 
like sealing-wax is red only when there are red rays falling 
upon it which it can reflect. The sealing-wax absorbs all the 
other constituents of white light ; and hence if it is held in blue 
light or light of any other colour than red, since all the light 
rays of this colour are absorbed, no light is reflected and it 
appears black. A white opaque substance, like a sheet of paper, 
appears white because it reflects all the constituents of white 
light equally well. Similarly, if a card painted violet is 
passed through a spectrum it only appears violet when in the 
violet rays, and in all other colours it seems black, because it 
cannot reflect these colours. 

General Considerations.— In every case the colour of 
a body depends on selective absorption or selective trans- 
mission^ Of the coloured rays of white light one portion is 
absorbed at the surface of the body. If the unabsorbed portion 
is transmitted the body is coloured and transparent ; if, on the 
contrary, it is reflected the body is coloured and opaque. 
In both cases the colour depends upon the constituents of 
white light which have not been absorbed. Bodies which reflect 
or transmit all colours in the proportion in which they exist in 
the spectrum are white ; those which reflect or transmit none 
are black. Between these extreme limits infinite tints exist dc- 
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pending on the less or greater extent to which bodies reflect or 
transmit some colours and reflect others. 

Referring again to the blue solution (p. 248), it absorbs prefer- 
ably the red and yellow rays of white light, transmits the blue 
rays almost completely, the green and violet less so, and hence 
the light seen through it is blue. 

Bodies have no colour of their own ; the colour ot a body 
changes with the light which falls upon it. It is interesting to 
remember that this absorption of certain constituents of light 
necessitates a using up of energy. But since energy cannot be 
destroyed (p. 153) it is in these cases converted into heat. 
Theoretically, a blue glass would get hotter than a red one, 
because the former absorbs all the red rays, and these have a 
greater heating effect than blue rays. 



Chief Points of Chapter XVI. 

Analysis of Ligrht by a Prism. —The points to be remembered in 
connection with this are : — 

1. That if a beam of monochromatic light, that is, lip;ht of one wave 
length, traverses a prism, it is bent out of its original direction, but the 
amount of bending produced by any particular prism depends upon the 
colour of the beam used, being greatest for violet light and least for red 
light. 

2. That if light from any source passes through a prism, it is broken 
up or analysed into its different components, each ray of elementary 
colour that enters into the composition of the light being bent by a 
different amount. 

3. That if a beam of white light from a slit pass through a prism, it 
emerges as a coloured strip termed a spectrum^ in which the colours 
red, orange, yellow, green, blue, indigo, violet, may be recognised. 

White light can, therefore, like a chemical compound, be broken up 
into simpler elements. 

Bsoompositioa of Light— The Colour Bise.— The analysis 01 white 
light is noted above ; the synthesis, or recomposition, can be effected — 

1. By making the coloured band or spectrum, produced when light 
has passed through one prism, traverse a second prism having its 
refracting angle reversed. 

2. By rotating a disc of cardboard painted in segments of violet, bhie, 
green, yellow, orange, and red. 

Colour of Transparent Bodies. — The colour of transparent bodies is 
due to the constituents of white light transmitted by them. 

Colour of Opaque Bodies. — The colour of opaque bodies is due to the 
constituents of white light which they reflect. 
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Questions on Chapter XVI. 

1. Describe and explain the effects observed when cards coloured 
bright red, green, and blue respectively, are passed from the red to the 
blue end of the spectrum. 

2. A ray of white light is passed through a glass prism ; make a 
sketch showing how the direction of the ray is changed by its passage 
through the prism and the order of the colours seen when the light falls 
on a screen. 

How would you show that when these colours are re-combined white 
light is produced ? 

3. Describe an arrangement by means 01 which a spectrum may be 
formed upon a screen. 

If the light is made to fall upon a piece of red glass before reaching 
the screen, how and why will the spectrum be affected ? What would 
the effect have been if blue glass had been used ? 

4. How can it be proved that — 

(a) White light is a mixture of many colours ? 

(d) Different colours have different degrees of refrangibility ? 

5. A room is lighted by one small window, which can be completely 
covered by a screen of dark red glass, or by one of blue glass, or by 
both put together. In the room is a stick of red sealing wax, a piece of 
blue ribbon, and a lily. What colour does each of these things appear 
when (a) the red screen covers the window? (d) the blue screen 
covers the window? (c) when both screens cover the window? 

6. What is meant by the Dispersion of Light ? On what feet does it 
depend ? 

7. Explain the term refrangibility as applied to a ray of light. Are 
rays of all colours equally refrangible ? 

8. State how light can be experimentally analysed by a prism. 

9. How would you prove that white light is composed of several 
colours, and how can these colours be combined by experiment to form 
white light ? 

10. It is sometimes said that ** red glass colours the sunlight red," 
and that "blue glass colours the sunlight blue." Mention facts or ex- 
periments which show that this is not accurate. Put the statement in a 
more accurate form. 

11. An extended spectrum is thrown on a black screen, and a card, 
on which the letters W, R, V have been painted in white, red and 
violet respectively on a black ground, is held in succession so as to be 
illuminated by the different parts of the spectrum. Describe and 
explain the appearance of the letters in the different parts of the 
spectrum. 



gitized by Google 



CHAPTER XVII 

AIR AND ITS CONSTITUENTS 

Mixtures and Compounds 

EXPERIMENTAL WORK. 

167. Mixture and Compound, .-s-Fxoc\xxt some flowers of sulphur or 
powdered roll-sulphur and some copper powder,^ in the proportion of 
four parts by weight of copper to one of sulphur, and shake them to- 
gether. The result is a mixture of sulphur and copper, the colour of 
which will be between the yellow of sulphur and the red of copper. If 
the mixture be examined with a magnifying glass, there will be no diffi- 
culty in recognising the particles of sulphur and copper lying side by 
side. Place a little of the mixture in a test-tube, and pour some carbon 
bisulphide upon it, and shake well. By this means all the sulphur is 
dissolved and the copper is left behind. Now heat another portion of 
the mixture in a dry tube, and carefully notice what happens. First the 
sulphur melts, and, as the copper gets hot, it suddenly becomes very 
bright. Allow the tube to cool, and break it to examine the contents. 
It is neither yellow, the colour of sulphur, nor red, the colour of copper, 
but almost black. An examination with the magnifying glass reveals no 
particles of sulphur and no copper filings. No part of the mass wfll 
dissolve in carbon bisulphide. 

168. Gunpowder is a Mixture. — Procure enough gunpowder to cover 
a crown ; put it in a small flask, and well cover it with water. Heat the 
flask gently for some minutes over wire gauze placed above a burner, 
and then filter what remains in it. Collect the filtered liquid in an 
evaporating basin and evaporate it to dryness, when a white substance 
will be left, which is nitre. Scrape the black residue oflf the filter-paper 
and shake it up with carbon bisulphide. Filter this solution through a 
new paper, and again collect the liquid in a basin. Leave the basin 
exposed for a little time to the air, and the liquid, which is very volatile, 
will disappear, leaving the brimstone behind in the form of beautiful 
crystals. The charcoal which is left on the paper should be dried, and 
a part of it burnt to show its real nature. 

1 The copper powder is easily prepared by digesting granulated zinc in a solution 
of copper sulphate. 

252 
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Physical ajid Ohemical Changes.— Matter is subject to 
two kinds of change. Hitherto we have only been concerned 
with those which influence the properties of matter, leaving its 
composition unaltered. It has been seen that a body, such as 
a piece of iron, may gradually increase in temperature, chang- 
ing from cold iron to hot, and, becoming hotter and hotter, may 
change in colour, passing from a dull gray to red, and from 
red to almost white, eventually becoming incandescent and 
emitting light rays. But if left to itself the iron will begin to 
cool, passing through the same changes in the reverse order 
until it reassumes precisely the former condition. Or, again, 
we might take a piece of soft iron, and, having wound silk- 
covered copper wire round it several times, pass an electric cur- 
rent through the wire. It would be found, on examining the iron, 
that new properties had been imparted to it, that it was now 
able to pick up other pieces of iron, or had become magnetised. 
If the electric current be discontinued, the new power, too, 
disappears. Such changes as these, where the substance or 
composition of the body remains unchanged, are known as 
physical changes. 

On the other hand, if a piece 01 iron be left exposed to 
damp air for some hours it becomes covered with a reddish- 
brown powder, which the most superficial examination will 
show is a different substance from the iron with which we 
started. There is a very large number of changes of the same 
kind as this continually taking place around us. When gun- 
powder explodes, we have an abundance of smoke formed and a 
black residue left behind, and it is easy to see that the smoke 
and deposit are quite unlike the gunpowder before the flash. 
Such changes as these are called chemical changes. It is with 
changes of this second kind that Chemistry is concerned, and 
we may define this science thus : Chemistry is that branch of 
knowledge which deals with chemical changes; those^ namely^ 
which result in the formation of new substances with new 
properties. 

Chemical Elements.— The result of a large number of 
experiments made from time to time by different chemists, has 
been to show that there are upwards of seventy different forms 
of matter which can by no known methods be broken up into 
anything simpler. By this is meant that if any one of these, 
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such as iron or silver, be selected and treated in any way with 
which chemists are familiar — for example, if it were subjected 
to a very high temperature — we should find it impossible to get 
• anything having properties different from what we know to be 
those of iron or silver, as the case may be. Bodies of this sim- 
ple kind are called elements. 

But it must be carefully borne in mind that, as the methods 
which chemists adopt become more and more refined, it is quite 
likely that some of these may be found to be wrongly, regarded 
as elements. Up to the time of Davy (1807) the substances 
soda, potash, and lime were regarded as elements. He found, 
however, that they could be split up into simpler constituents. 
From soda he obtained a soft metal, sodium, and two gases, 
oxygen and hydrogen, and from that time, of course, soda could 
not be regarded as an element. Similarly, if at any future time 
it should be found that any of the forms of matter which we 
call elements can be split up into simpler bodies with different 
properties, the element which is thus decomposed will have to 
be struck off the list. Of all the elements known to chemists, 
only six exist in the gaseous state, under ordinary conditions of 
temperature and pressure. These are chlorine, fluorine, hydro- 
gen, nitrogen, oxygen, and argon. Two of them, bromine and 
mercury, are liquids. The rest are solids, and some of the 
commonest are given in the table. 

Some of the Commonest Elements 



Gases 


Solids 


Chlorine 


Aluminium 


Lead 


Fluorine 


Antimony 


Magnesium 


Hydrogen 


Arsenic 


Phosphorus 


Nitrogen 


Barium 


Potassium 


Oxygen 


Bismuth 


Silicon 


Argon 


Calcium 


Silver 




Carbon 


Sodium 


Liquids 


Copper 


Sulphur 


Bromine 


Gold 


Tin 


Mercury 


Iodine 
Iron 


Zinc 
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MetaJs and Non-MetaJs. — A good many of the elements 
are possessed of certain distinctive characters in which they re- 
semble one another. They have a bright lustre, a high specific 
gravity (see p. 55), are good conductors of heat and electricity 
and are- known to chemists as metals. There is no difficulty in 
deciding in a large number of instances that the element pos- 
sesses the characters of a metal, and the student will immediately 
think of gold, silver, copper, iron, &c. Other elements, how- 
ever, are quite as plainly not of this class ; they have no lustre, 
they are not heavy, nor do they conduct heat and electricity well. 
These are spoken of as non-metals^ and phosphorus, sulphur, and 
carbon will serve as good instances. But the line between the two 
classes is not a hard and fast one, for one or two of the elements 
possess some of the properties which distinguish a metal, and 
yet for other reasons, which the student will understand better 
later, are not classed with the metals, but with the non-metals. 
Arsenic may be cited as an instance of an element which pos- 
sesses properties common to both classes. In the list of elements 
given in the preceding paragraph the metals are printed in 
capitals. 

IM&ztures and Compounds. <-The differences between a 
mixture and a compound will be most easily understood by care- 
fully performing the experiment described above with flowers of 
sulphur and copper powder. By merely mixing these things 
together no change in their properties is brought about. By 
suitable mechanical means they are easily separated. But if the 
mixture is heated strongly, a profound and permanent change 
ensues. 

What is this great change which has resulted from heating 
the two elements together ? Clearly, that it has resulted in the 
formation of a new substance with properties of its own. Such a 
change as this is known as a chemical change^ and is said to be 
the result of chemical action. The new substance formed from 
the copper and the sulphur is called a chemical compound^ and 
in this particular case there are two elements held together by a 
force which is known as chemical attraction. We are now in a 
position to enumerate the peculiarities and distinguishing cha- 
racteristics of mixtures and compounds. 

Mixture. — In a mixture the components exist side by side, and 
can be separated by suitable mechanical methods. The components 
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are not held together by chemical attraction^ that isy they are not 
chemically combined. The ingredients can be present in any 
proportion^ and the properties of the mixture are intermediate 
bePween those of the constituents. 

Compound. — A chemical compound is a substance which can 
be split up into two or more elements. Its constituents are held 
together by chemical attraction^ and cannot be separated by any 
ordinary mechanical means. It always contains definite weights 
of the elements composing it, and its properties differ entirely 
from those of its constituents. 

Familiar Examples of Mixtures and Compounds. 
— It will not be difficult to find many examples of mixtures 
which are familiar to every one. Gunpowder, for instance, is a 
mixture of three things — nitre, brimstone, and charcoal. They 
are, however, so thoroughly mixed that there is more difficulty 
in separating the ingredients than is experienced in the case of 
a mixture of flowers of sulphur and copper powder. The nitre 
can be separated from the brimstone and charcoal by shaking 
the gunpowder up with water. After filtering off the water, the 
brimstone can be obtained free from charcoal by shaking the 
residue, "after treatment with water, with carbon bisulphide. 
The sulphur is dissolved and the carbon left. 

This shows us that the constituents of the gunpowder are not 
held together chemically but exist side by side. In a similar way 
the student will have no difficulty in understanding that the 
amounts of the nitre and other things can to some extent be 
varied, and that in ' the other particulars the gunpowder fulfils 
the conditions of the definition of a mixture. Another familiar 
mixture is found in the air we breathe. This is made up of 
nitrogen and oxygen mixed in the proportion of four pints 
of the former to one of the latter. The reasons for con- 
sidering the air to be a mixture will be better understood a little 
later. 

From these exaniples it will be seen that mixtures can be 
made up of either elements or compounds. 

The simplest chemical compounds contain two elements only 
and are called binary compounds^ such as water, lime, common . 
salt. Many others contain more than two elements, and chalk 
and clay can be mentioned as instances. As we proceed, the 
student will become familiar with many other instances oi 
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chemical compounds of varying degrees of complexity, from 
the binary compound to those containing a large number of 
elements. 



The Air. 

EXPERIMENTAL WORK. 

169. Iron in Rusting Gains in Mass. — Weigh carefully a watch glass 
with some iron filings or tacks, add a few drops of water (since we know 
that iron rusts best in the damp) and allow it to stand. At the end of 
a few days warm gently to drive off the water, and when quite dry 
again weigh, and note carefully the mass. Has the iron gained 
or lost? 

170. Iron in Rusting Abstracts one Constituent of Air, — {a) Place 
some iron filings in a muslin bag and tie the bag to a piece of glass rod. 
Moisten well (better dip in a solution — — 

of sal ammoniac) and place it in a 
bottle of air inverted over water (Fig. 
197). Examine after a few days. It 
will be seen that the water has risen 
in the glass, showing that some pari 
of the atmosphere has been abstracted 
by the iron in rusting. 

{b) Tightly place your hand on a 
card under the mouth of the jar so as 
to allow no water to escape, set up- 
right and place a burning taper intc 
the jar. Note what happens, but dc 
not throw away the water. 

171. Volume of the part of the ait 
abstracted.— ^tuX. measure in a gradu- 
ated vessel the quantity of water in the „ * • r • «!• 

1- ..^1 T«i-- • 1^x1- ^'^ Fig. 197. — Action of iron nhngs 

bottle. This is equal to the quantity ^' on air. 

of gas which has been used by the iron. 

Also measure the quantity of water the bottle holds. This is the 

quantity of air it originally held. 

172. Another Way of Removing the Active Part. — Place a roll of 
copper gauze or some copper turnings in a hard glass tube provided 
with a bored cork at each end as shown in Fig. 198. Find the mass 
of the tube and the copper. Connect one end of the tube with an 
aspirator so that air may be drawn through the tube. Heat the copper 
to redness and cause air to pass over it by starting the flow of water 
from the aspirator. Notice that the copper turns black owing to its 

Ex. Sc— I. S 
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combination with the active part. Allow the tube to cool and by 
weighing redetermine the mass of the tube and its contents. The mass 
has increased. 




Fig. 198. — Air passed over heated copper loses its active constituent. 



173. Gain of Mass during Burning. — Weigh a crucible and lid 
and a piece of magnesium, which, folded lightly, is placed in the 
crucible. Heat strongly in a burner, taking care to let no fumes 
escape (Fig. 199). To do this, keep on the lid, and'only raise a little 
when the flame is removed. The magnesium is seen to burn brightly 
in places ; but, if care is taken, no fumes are lost. When finished, the 
whole mass should be in the form of a white powder. Allow to cool, 
and weigh the crucible with the lid and powder. Subtract the mass 




Fig. 199. — To illustrate Experiment 173. 

of the crucible and lid to find the mass of the powder. It will almost 
certainly be found to be more, and, if the experiment is carefully 
done, it will be found that the magnesium has gained about 66*5 per 
cent. 
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Chemical Action. — In the study of Chemistry it is advisa- 
ble to start with common and well-known substances, and to 
examine these as far as possible. The knowledge so obtained 
is then of service in the further study of other and less common 
substances. 

Chemical Examination of Air.— First, therefore, from 
its importance and its universal presence, we shall investigate 
the atmosphere. We know it to be a gas possessing weight and 
capable of exerting pressure (p. 59). We have now to study its 
chemical properties. What is it composed of? How does it 
behave towards other substances ? To answer these questions 
it will be necessary to study carefully the changes which different 
substances undergo when exposed to the influence of the atmos- 
phere, selecting at first those changes which appear simplest. 
Of these, the rusting of metals — say, iron — may be chosen. The 
first problem to be solved is, what is this rusting ? Does the 
iron lose, or give up, anything ? Or, on the contrary, does it 
gain anything ? To answer these questions it is only necessary 
to weigh carefully a watch glass with some iron filings or tacks 
and allow the iron to rust in the air, which will take a few days; 
on warming the rusty mass until quite dry and weighing again, 
it will be found, if care has been taken, that the iron has in- 
creased in mass, and the experiment has furnished the neces- 
sary answer, so that we may write : — 

Iron gains in mass during rusting. 

Now we must ask — Did the gain come from the water we 
added, or from the atmosphere ? To answer this question it 
will be necessary to allow the iron to rust in a closed space, so 
that if anything is taken from the air we can notice it. 

The rusting of the iron is allowed to take place in the apparatus 
shown in Fig. 197. The iron filings are enclosed in a muslin bag 
which is placed in a bottle of air inverted over water. On ex- 
amining after a few days the water will be seen to have risen in 
the bottle, showing that some part of the atmosphere has been 
abstracted by the iron in rusting, and if the gas left behind be 
examined as described in Experiment 170 {b\ it is easily seen 
that a lighted taper is put out by it. 

The taper being extinguished proves to us that the gas left in 
the jar differs from air in the respect that it does not allow sub- 

S 2 
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stances to burn in it. Hence the material taken away from the 
air by the iron, which with the iron formed rust, is that part 
of the air which is concerned in burning, and we may state : — 

Iron in rusting gains in mass, taking some 
material from the air, and this material is the part 
of the air concerned in burning. 

If, now, the amount of water in the bottle, after inverting it, as 
above explained, be measured by means of a graduated jar and 
the amount necessary to fill the bottle completely be similarly 
determined, it is found that one-fifth of the air in the bottle is 
abstracted by the iron in rusting. 

Part of the Air can be removed by Heated Copper. 
If air be passed over red-hot copper, the copper changes in 
colour and gradually increases in mass. If the remaining part 
of the air is examined by plunging a burning taper into it, the 
flame is extinguished. There is no difference between the con- 
dition of things in this case and in the rusting of iron. All 
substances increase in mass when burnt, that is, the products of 
combustion weigh more than the original substances. 

Nitrogen. 

EXPERIMENTAL WORK. 

174. Preparation of Nitrogen. — (a) Put a piece of dry phosphorus 
in a test-tube, cork the tube, and warm. Note that the phosphorus 
ignites and forms white fumes. When cool again take out the cork 

under water. Note that the 
water rises in the tube. Put 
back the cork and shake up ; 
test the remaining gas ; it ex- 
tinguishes a burning taper, and 
produces no action if passed into 
lime water. Test the water with 
a blue litmus paper ; it is acid. 
Measure the volume of the 
water ; it is one-fifth that of the 
volume of the closed tube. 

{b) Cut a slit in a large cork 

so that the handle at the top of 

a crucible lid will fit into it. 

Place the lid upon the cork, 

Fig. 2oo.-P^^ep^ranon of nitrogen ^^^ float the Cork upon the 

water contained in the trough. 
Carefully cut off a piece of phosphorus as large as a good-sized 
pea, dry it, and place the lump upon the floating lid. The cutting 
should be done under water. Ignite the phosphorus and slowly 
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place over it a jar or a bottle without a bottom and fitted with a cork 
m its neck. (Fig. 200.) The bottle should have been divided as nearly 
as possible into five parts by pieces of paper gummed outside. Let the 
bottom of the bottle either rest on the shelf of the trough or on some- 
thing suitable placed on the bottom. Allow the apparatus to remain 
for a few minutes, when the white fumes will have disappeared, and the 
water will be seen to have risen up to the level of the first division so 
as to fill one-fifth of the jar. 

175. Properties of Nitrogen. — Prepare samples of nitrogen, and show 
(i) that it extinguishes a lighted candle ; (2) it will not turn lime-water 
milky when shaken up with it. 

176. Mixture of Air and Oxygen, — Mix four volumes of nitrogen 
with one volume of oxygen (prepared as in Experiment 177 f) ; show 
that there is no contraction or other manifest change, and that a candle 
burns in the mixture as in common air. 

Chemical Composition of Air.— It has been found by 
repeating Experiment 174 (b) with different bottles at different 
times, and with different quantities of air, that the ratio of the 
volumes of the chief constituent gases in air is always roughly 
I : 5, and is independent of the size of the bottle, &c. Hence it is 
clear that this gives us the proportion of the active part of the 
air, and we may sum up the result of the experiments as follows. 

Air contains 80 per cent, inactive part; it is called Nitrogen, 
which as has been seen, does not allow things to bum in it, 
so that the remaining 20 per cent, must be the part concerned 
in burning, and which we have called the active part\ its 
chemical name is Oxygen. 

Properties of Nitrogen. — This gas nitrogen is an ex- 
ample of a very inert element, since it can only with difficulty 
be made to combine with any other element. It does not bum, 
nor will it allow other substances to bum in it ; or, as usually 
expressed, it does not support combustion. It will not turn lime- 
water milky. A mouse dies if put into the gas. It can be made 
to unite with a few metals, as magnesium or lithium. If either 
of these be heated with nitrogen the gas is absorbed and a com- 
pound of magnesium and nitrogen called magnesium nitride, or 
a compound of lithium and nitrogen called lithium nitride, is 
obtained. 

If the negative nature of the properties of nitrogen is borne 
in mind, and if we think of this side by side with the very active 
powers of oxygen, we shall understand that its presence in the 
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air serves the purpose of diluting the oxygen, weakening its 
powers, and making combustion much less intense. 

If the nitrogen obtained in Experiment 174 {d)he heated with 
either magnesium or lithium it is found that about i per cent, 
of it remains unabsorbed. This residue is another substance 
present in the atmosphere to the extent indicated, and called 
Argon. Argon is also very inert, more so even than nitrogen. 
Owing to this, even until the year 1894, its presence in the 
air had been completely overlooked, although, nearly a century 
before, the eminent chemist Cavendish had unknowingly ob- 
tained some, regarding it as an impurity which he had over- 
looked — an example of the importance of giving attentiop to 
the minutest details in scientific investigations. 



Preparation of Oxygen. 

EXPERIMENTAL WORK. 

177. Preparation of Oxygen. — {a) Place some mercury rust (known as 
red oxide of mercury) in a tube of hard glass closed at one end, and 




Fig. 201. — Preparation of oxygen. 

heat strongly. Notice the darkening of the powder, also the dark 
deposit which collects round the inside of the tube above the powder. 
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Place into the tube a splinter of wood which has been just extinguished 
and is still glowing. Note that it glows more brightly, or even bursts 
into flame. Allow the tube to cool, and notice that the powder returns 
to its original colour. With a piece of wood, or glass, scrape off the 
dark deposit from the walls of the tube. It is seen to be bright metallic 
quicksilver or mercury. 

{6) Place a little potassium chlorate in a test-tube, and heat it. Ob- 
serve that the mass crackles, melts, and gives off a gas. Test by a 
glowing match, and see that the gas is oxygen. The gas is, however, 
given off more readily, and without fusion, if a little manganese dioxide 
is added to the chlorate. By this means some jars of the gas can be 
collected. 

{c) Fit a delivery tube -5 to a flask A^ and in the flask put a mixture 
of potassium chlorate and manganese dioxide (Fig. 201). Let the 
end of the delivery tube dip under water contained in the trough C. 
Fill several jars with water and invert them in the trough. Heat the 
flask, and when the gas is bfeing evolved place the mouth of the jar 
D over the end of the tube so that the gas displaces the water. When 
all the jars are full take out the delivery tube from the water, and leave 
the flask for further examination. 

{d) Heat the mixture in the flask well, till no more oxygen is given 
off. Boil up the mass with water and filter it. The manganese dioxide 
remains unchanged on the filter paper. Evaporate the solution to dry- 
ness, and there remains a white solid which is not potassium chlorate 
and which tastes something like salt. 

Oxygen— The Active Constituent of Air.— We must 
now endeavour to obtain and examine the active part of the air 
which disappeared during the rusting of the iron. Knowing now 
that is present in the rust, the most evident plan would 
be to endeavour to obtain it from this source. The ease with 
which iron rusts, that is the readiness with which it takes up the 
active part of the air, should indicate that it would probably be 
very diflRcult to obtain it from this source, and that some other 
rust which is more difficult to prepare would probably be better 
for our purpose. The most convenient is the rust of mercury, 
which is a red powder not easily formed. It can be obtained 
if mercury is heated for a considerable time in air, when it 
forms as a red scum upon the surface of the metal. The changes 
which occur when this rust is heated should be carefully de- 
scribed in a note-book. 

Action of Heat on Red Oxide of Mercury.— When 
mercury rust, or as it is known to the chemist, red oxide of 
mercury, is strongly heated, it darkens in colour and a dark 
deposit of mercury collects above the powder round the inside 
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of the tube in which the heating is done. When a glowing- 
splinter of wood is plunged into the tube it bursts into flame. 

What does this experiment teach ? It shows that by heating 
the rust of mercury we obtain mercury itself, and a gas in 
which wood burns more brightly than in air. Is it what we 
should expect to find supposing we have obtained the active part 
which we hoped to get ? It certainly is, for we have found that 
the gas occupying the other four-fifths of the air does not support 
combustion at all, and thus acts as a diluent. Consequently the 
active part itself would be expected to support combustion very 
vigorously. 

Absolute proof is, however, forthcoming. It may be proved, 
by weighing, that the mass of the original mercury is equal to 
that left after the experiment, provided that all the rust is decom- 
posed and no mercury is lost. This shows that the gas escaping 
from the rust is the same gas as that taken from the air. This 
change may be thus stated :— Oxide of mercury, when 
heated, decomposes into mercury and oxygen. 

Preparation of Oxygen from Potassium Chlorate. — 
As the quantity of oxygen obtained by the method just described 
is comparatively small, and the oxide of mercury is expensive, a 
more convenient source of the gas is the white crystalline 
powder called Potassium Chlorate. 

This white crystalline compound is made up of three 
elements — potassium, chlorine, and oxygen — and if heated in the 
same way as the red oxide of mercury it melts and gives off 
bubbles of oxygen, and after all the oxygen has been given off a 
white substance like table salt is left behind. 

By heating the potassium chlorate we have broken it up into 
two things, the gas collected in bottles and the white sub- 
stance like common salt, which is called potassium chloride, left 
behind and containing no oxygen. 

Potassium gives when Potassium ^„ , nwi-t^^xT 
Chlorate heated Chloride ^^^ oxygen. 

Use of Oxygen Mixture.— By adopting a slightly 
different method, oxygen can be obtained more readily and 
easily, for it has been found that by mixing the potassium 
chlorate with certain other substances, of which one is a black 
compound, manganese dioxide, the oxygen from the chlorate 
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comes off more easily and at a lower temperature. This 
mixture may be called oxygen mixture. If after all the oxygen 
has been driven out of the mixture tHe residue left behind is 
boiled up with water in a flask and the turbid liquid filtered, the 
manganese dioxide remains unchanged on the filter paper. 
What, then, is the use of the manganese dioxide ? 

This question is one which was for a long time explained by 
calling the manganese dioxide a catalytic agent^ and such 
actions, viz., those accelerated by the presence of a substance, 
which itself does not change, were called catalytic actions. 
In reality, however, the manganese dioxide goes through a 
series of changes, but the final one leaves it in its original 
condition. 

Properties of Oxygen. 

EXPERIMENTAL WORK. 

The jars 01 oxygen prepared as described in Experiment 177 {f) are 
required. 

1 78. Physical Properties of Oxygen. — Take one of the bottles of oxygen 
(one of those collected last should be chosen). Notice everything you 
can about the contents of the bottle. It is 2^ gas with no colour. Remove 
the plate from the mouth and test its smell ; it has no smell. Try the 
taste by breathing some of the gas ; it has no taste. See if the gas has 
any effect ron moistened litmus-papers, one blue and the other red. 
There should be no effect ; we say oxygen is a neutral substance. 

179. The Burning of a Candle in Oxygen. — Attach a piece of stout 
wire to a wax taper as shown in Fig. 202, and having lighted the 
taper plunge it into another of the jars of oxygen (Fig. 203). Notice 
that it is not extinguished y but continues to burn, but with a larger 
and brighter flame. 

t8o. The Burning of Charcoal in Oxygen. — Into another jar of 
oxygen thrust a splint of wood red-hot at the end, or a piece of red-hot 
charcoal placed in a deflagrating spoon (a small upturned iron spoon 
with a long handle) (Fig. 204). Note the brilliancy of the combustion. 
Now pour into the jar some clear lime water {i.e. some of the clear 
liquid which is formed if lime and water be shaken together and allowed 
to stand. It is really a solution of lime in water). Notice that it turns 
milky owing to a white powder being diffused through the liquid. 

181. The Burning of Phosphorus in Oxygen. — In another jar burn a 
piece of phosphorus about half the size of a pea, contained in the defia- 
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Fig. 202. — Candle supported 
for burning in oxygen. 



Fig. 203.— Increased combustion 
in oxygen. 



grating spoon. Note the great 
brilliancy of the combustion and 
the dense white fumes. Add water 
and shake — the lumes dissolve. 
Into the solution put a blue litmus 
paper. Observe that it is turned 
red. 



Fig. 204.— Jar with deflagrating spoon 
in it. 



Fig. 205. — How to burn phosphorus 
or sulphur in oxygen. 
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182. The Burning of Sulphur in Oxygen. — Perform, with another 
jar, a similar experiment with sulphur. There are few fumes, but a 
strongly smelling gas is obtained, also soluble, turning the blue litmus 
red. 

183. The Burning of Magnesium Ribbon in Oxygen, — Ignite a small 
piece of magnesium ribbon and hold it by means of crucible tongs in a 
jar of oxygen. Notice the white solid formed. Test its solubility in 




Fig. 206.— How to burn magnesium ribbon in oxygen. 

water, and show that unlike the previous products, it will not turn 
a blue litmus solution red, but will turn a red litmus solution blu6. 

184. The Burning of Sodium in Oxygen. — Put a small piece of 
sodium ^ in a dry deflagrating spoon, light the sodium, put it into 
another jar of oxygen. Observe the fumes formed. Dissolve these in 
water and try the effect of the solution on litmus paper. It does not 
turn the blue colour to red, but has exactly the reverse effect, and 
changes red litmus to blue. Feel the water ; it has a soapy feel. 

185. The Burning of Iron in Oxygen. — Obtain a piece of iron wire 
(a thin steel watch spring will do), and dip one end into a little melted 
sulphur, and when the sulphur is burning place the wire in another jar 
of oxygen. Observe that the sulphur burns and also starts the com- 
bustion of the iron which continues to burn with a brilliant shower of 
sparks. After the burning has ended, observe that a quantity of an 
insoluble solid (iron rust) has been formed. 

186. Oxygen is soluble hi an Alkaline Solution of Pyrogallol. — {a) Col 
lect some oxygen in a small test tube over mercury. Dissolve a little 
caustic potash in pyrogallol, so as to make a strong alkaline solution. 

1 Important ! Carefully read the note on p. 275. 
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Force some of the solution into the oxygen by partly filling a bent 
pipette with it, and blowing down the pipette when the bent end is 
under the bottom of the test-tube, as shown in 
Fig. 207. 

Note that after a little while the oxygen is 
wholly absorbed. 

(d) Repeat the last experiment, substituting 
air for oxygen, and notice that the air is only 
partially absorbed. 

Properties of Oxygen.— Oxygen is 

a gas which has no colour, no smell, no 

taste. It has no action upon litmus paper 

Fig. 207.— To illustrate and is for this reason said to be neutral. 

Experiment 186. a 1 ^ • ^^' r 1 • 

As the rekmdlmg of a glowmg splmter 
of wood and the increased brightness of the flame of a candle 
burning in oxygen show, ordinary combustible substances burn 
more brightly in oxygen than in the air. 

Oxygen has no effect on substances like sulphur and carbon, 
when they are at the same temperature as the room, but if 
these elements are heated to the point of ignition, the oxygen 
combines with them very readily, causing them to burn 
vigorously. 

Some substances which will not bum under ordinary con- 
ditions can be made to burn in oxygen, and the case of iron 
affords a good example of this. The student should think of 
what the result would be if there were only oxygen in the 
air. As soon as the iron got red-hot it would start burning. 
We could not in these circumstances use iron for our grates, 
furnaces, and similar things. Oxygen is not very soluble in 
water — one hundred parts of water dissolve three parts of this 
gas. That the amount of oxygen dissolved by water is 
very small is seen by the fact that we can collect oxygen over 
water as in Expt. 177 {c). But though the amount is small it is 
of great importance in the economy of nature, for it is due to 
this dissolved oxygen that water animals are able to breathe. 
Oxygen can, however, be readily dissolved by some liquids, 
such as a solution of pyrogallol in caustic potash. 

Though oxygen exists in a gaseous condition under ordinary 
conditions of temperature and pressure, yet it can, by lowering 
the temperature and very much increasing the pressure, be 
made to assume the Hquid condition. It is sixteen times as 
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heavy as hydrogen, and a little heavier than the air. It is in- 
dispensable to life. It is the constituent of the atmosphere 
which is used up in the processes of combustion, decay, 
and fermentation. 

Formation of Oxides Explained.— Whenever oxygen 
combines with another element an oxide is formed. Indeed, 
oxygen is so active and powerful an element that it forms 
oxides with every element except fluorine. 

In all the cases of burning studied experimentally under the 
properties of oxygen, new substances with new properties have 
been formed ; they are therefore chemical compounds and the 
experiments afford instances of chemical action. Taking some 
of the experiments performed as examples, when sulphur bums 
in oxygen a compound which has a peculiar smell and reddens 
a blue litmus-paper is formed, it is called Sulphur Dioxide. 

Sulphur burning in Oxygen forms Sulphur Dioxide. 

Similarly when carbon burns in oxygen, a gas which ex-, 
tinguishes a burning taper and turns lime-water milky is formed. 
This compound is known as Carbon Dioxide. 

Carbon burning in Oxygen forms Carbon Dioxide. 

Again, when iron burns in oxygen, a brown powder, which is. 
really ordinary iron-rust, is formed, as well as a brittle-black 
solid quite unlike the original iron. These compounds are both 
of them oxides of iron. 

Iron burning in OXYGEN forms IRON OxiDE. 

Air compared with Oxygen.— We have now seen that 
when a substance burns in oxygen a new compound is formed, 
which is an oxide. But we must go further, and ask — Is this 
also the case when it burns in air? Does it take away the 
oxygen and form an oxtde^ leaving the nitrogen unacted upon, 
as we should expect ? This can be readily tested by Experiment 
174 (^) with phosphorus burning in a confined volume of air. 

As was the case in rusting, one-fifth of the air is used, this 
being what we found was the quantity of oxygen present ; the 
white fumes formed, too, combine with water to make an acid, 
as when the phosphorus burns in oxygen. In fact, all tests 
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prove the products to be identical. Hence, in air, also, the 
burning consists of the union of the burning substance with the 
oxygen of the air to form a new compound — an oxide. 

It would be easy for the student to verify this by burning in 
air the different substances which were burnt in oxygen, and 
carefully comparing the products. 

The Air is not a Chemical Compound, but a mixture 
of gases. — In proof of this statement, the following facts and 
experiments may be cited : 

1. The composition of a chemical compound never varies, 
while the composition of air does vary slightly. 

2. Whenever a chemical compound is formed a certain 
amount of heat is developed, and there is a change of 
volume. When, however, oxygen and nitrogen are mixed in 
the proportion in which they occur in the air (Expt. 176; there 
is no evolution of heat nor change of bulk, though the mixture 
cannot be distinguished from air. 

3. The proportion in which oxygen and nitrogen are mixed 
in the air does not bear any simple relation to the combining 
weights of these elements, whereas in the case of every true 
chemical compound, the amounts of the constituent elements 
always bears some simple ratio to these weights. 

4. When air is shaken up with water, some of it is dis- 
solved. If air were a chemical compound it would be dissolved 
as a whole^ and therefore the dissolved part would have the 
same' composition as the un-dissolved part. But this is not 
found to be the case. The air dissolved in water can be ex- 
pelled by heat, and if it is collected the oxygen in it is found to 
be more in proportion to the nitrogen than it is in ordinary 
air, thus showing that water dissolves more oxygen than nitrogen. 

Ordinary air consists of about one-fifth oxygen, -four-fifths 
nitrogen ; but air expelled from the water contains about one- 
third oxygen and two-thirds nitrogen. 

5. When air is liquefied by intense cold and great pressure, 
and the liquid air is then permitted to evaporate, the nitrogen is 
first given off, so that the liquid becomes richer and richer in 
oxygen. If air were a compound, no one part of it would be 
more volatile than the other. 
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Chief Points in Chapter XVII 

Physical Clutxiges are those in which the composition of the body 
experiencing the change remains unaltered. The science concerned 
with these changes is called Physios. 

Chemical Changes are those which result in the formation of new 
substances with new properties. The study of such changes is called 
Chemistry. 

Chemical Elements are kinds of matter which can, by no known 
means, be broken up into anything simpler. They can be sub-divided 
into metals and non-metals. 

Compounds and Mixtures. — 

Substances 



I I I 

Elements Compounds, Mixtures, 

I elements pre- constituents pre- 

sent in definite sent in any 



Metals Non-metals proportions. proportion. 

In a mixture the components exist side by side and can be separated 
by simple mechanical methods. The ingredients may be present in any 
proportion and the properties of the mixture are intermediate between 
those of the constituents. 

In a compound the components cannot be separated by the simple 
means available in the case of mixtures. The properties of the com- 
pound are quite different from those of the constituents and those con- 
stituents are always present in certain definite proportions which for 
each compound are invariable. 

Iron gains in mass during rusting, taking some material from the 
air, and this material is tho part of the air concerned in burning. 
These facts were found out and established by the series of experi- 
ments which the reader has, it is presumed, either performed or seen 
performed. 

Nitrogen is the inactive part of the air. It makes up 80 per cent, 
(roughly) of the atmosphere. It is a very inert element. It does not 
burn, nor will it allow other things to burn in it. It can be made to 
unite with a few metals, such as magnesium and lithium, forming 
nitrides. 

Argon is another very inert element, which was discovered in 1894. 
It makes up about i per cent, of the air. 

Oxygen is the active part of the air. When red oxide of mercury 
is heated it decomposes into mercury and oxygen. This gas can also 
be obtained by heating potassium chlorate. The oxygen is given off 
from this substance more readily if it is mixed with manganese dioxide 
before being heated. The substance left after driving the oxygen out 
of potassium chlorate by heating it is called potassium chloride and is 
very like common salt. 
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Oxides. — When some elements are heated in oxygen they unite with 
it, forming oxides. Thus — 

Iron and oxygen form Oxide of iron. 
Phosphorus and oxygen form Phosphorus pent-oxide. 
Carbon and oxygen from Carbon di- oxide. 
Sodium and oxygen form Sodium oxide. 
Some oxides unite with water to form acids which turn blue litmus 
red ; the oxide of phosphorus is an example. 

Other oxides ^ unite with water to form an alkaline solation which 
has a soapy feel ; the oxide, of sodium is an example. 

Gain of Mass darin|^ Burning.— It has been seen by performing 
experiments with phosphorus, sulphur and magnesium, that there is 
always a gain in mass when a substance is burnt. Thus, phosphorus 
gains about 128 per cent., sulphur 100 per cent., and magnesium 
66*5 per cent. 

Combustion and Busting. — These are essentially similar. The only 
difference is that combustion is attended with the production of light, 
due to the high temperature to which the products are raised by the 
heat of the chemical action. 



• Questions on Chapter XVII 

1. Ancient philosophers regarded earth, air, fire and water as the 
four elements of which our world is composed. What has modern 
chemistry to say as to the nature of these so-called elements? 

2. Describe experiments to illustrate the combustion of three dif- 
ferent substances in oxygen. . Name the compound formed in each 
case, and state how its existence may be demonstrated. 

3 Describe some differences between a chemical compound and a 
mixture. Gunpowder is a mixture of nitre, sulphur and charcoal. 
How can these ingredients be separated from one another ? 

4. When a candle burns in air, certain substances are produced which 
differ from the wax of the candle and from air. How would you prove 
this to a class ? ' 

5. The inside of a glass bottle is moistened with water and well 
smeared with clean iron filings. The bottle is allowed to stand for a 
day or two upside down and with its mouth under water. What changes 
will be found to take place (i) in the iron filings, and (2) in the air in 
the bottle ? 

6. What is the " rust " of iron ? 
Name some metal that will not rust. 

A piece of sodium is thrown into water, what will happen? 

7. Which of the following bodies are "elements"? — Air, chalk, 
coal-gas, diamond, iron, mercury, salt, soot,, sulphur, water. 

Give your reasons for thinking that any one of the ten is not an 
element. 
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8. Oxygen and nitrogen are the two chief ingredients in common 
air. State reasons for the usual belief that they are not combined 
together chemically. 

9. Which of the following substances are elements, which chemical 
compounds, and which mixtures, and what are the elements of which 
they are composed? — Air, hydrogen, quartz, gunpowder, lime, nitrogen, 
charcoal, iron. 

10. What are the chief properties of oxygen ? 

Describe the experiments you would make to illustrate these 
properties. 

ir. Explain the terms Mixture and Compound. How would you 
show that iron and sulphur can exist together, either as a mixture or as 
a chemical compound ? 

12. State in general terms the differences observable between a 
mixture and a compound of any two substances. Use air and water as 
illustrations. 

13. Describe experiments to show whether air is a mixture or a 
chemical compound. 



Ex. Sc— I T 
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CHAPTER XVIII 

Water and Hydrogen. 

We must next turn our attention to water and endeavour, as 
we did in the case of air, to investigate its chemical composition 
and other characteristics. 

Water. 

EXPERIMENTAL WORK. 

187. Action of Heated Iron on Water. — Place some iron filings in the 
hard glass tube CA, and let the end A dip under water. To the end C 




Fig. 208. — Steam passed through a tube containing iron nails or filings heated to 
redness g^ives a gas which can be collected over water, and is inflammable. 

fit a delivery tube from a flask containing water previously boiled to 
drive off the dissolved air. Heat the iron filings well, and boil the 

274 
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water in the flask so that the steam passes over the heated iron, and 
then into the water, where it condenses. Now place over the end A 
an inverted test-tube of water, and note that the steam is not com- 
pletely condensed, but that minute bubbles ascend to the top of the test- 
tube. When you have so obtained a sufficient quantity of gas (half a 
small test-tube), first disconnect C from the flask of water, then stop the 
boiling. Close the end of the test-tube with your thumb, and holding 
a lighted match to the mouth, open the tube. Observe that the gas 
burns. Examine the iron filings in the tube CA, and see that a quantity 
of rust has been formed. 

188. Action of Sodium on Water. — Place a small piece of sodium^ in 
water in an evaporating basin, and observe the action. Feel the water 
left after the sodium has all dis- 
appeared, and test it with red 

litmus. Evaporate away the water. 
Note the residue. 

189. Collection of the Gas ivhick 
Sodium turns out of Water. — Place 
a small piece of sodium in a small 
piece of lead tubing, the ends of 
which are nearly closed, and drop 
into water (or place down over the 
sodium a thimble with holes in the 
top). A gas is seen to come off. 
Collect this in an inverted tube full 
of water, and by this means obtain 
three test-tubes of the gas, and ob- 
serve that it is colourless and odour- 
less (Fig. 209). 

IQO. Examination of the Gas _ __ , . • «. 

produced by the Action of Sodium ^'^^^^■^^'^T.^lZl?'' 
Upon Water. — Take out two of the 
tubes and hold them for the same 

time, say 30 seconds, (i) with mouth up, (2) with mouth down. Then 
apply a light to the mouth of both. 

Now try the 3rd tube, holding it mouth down, and place a lighted 
match up into the tube. Note that the gas does not explode, but bums 
quietly, while the match is extinguished. 

Chemical Examination of Water.— Before proceeding 
to study the chemical behaviour of water it will be well to run 
over what has been already learnt about it. Water is a clear 

1 Great care must be taken when using sodium, which must never be allowed 
to touch damp materials. It is kept under naphtha until used, and should never 
be handled with the fingers. It should be dried by blotting paper when taken 
from the bottle and cut with a clean knife, the pieces not used being immediately 
replaced in the bottle. 

T 2 
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liquid with a blue-green colour, which is best seen by causing 
light to pass through a considerable length of it. It boils at 
1 00° C, and is then converted into steam. It freezes at 0° C, 
becoming ice. Its density, ?>., mass of i c.c, is i at 4° C. and 
slightly less at any other temperature, owing to the fact that 
water expands when either cooled below or heated above 4° C. 
It has the ppwer of dissolving many substances, e g,, salt, sugar, 
&c., forming solutions from which the water may be evaporated 
away, leaving the solid behind. But these facts tell us nothing 
of the chemical nature of water because we have no changes in 
composition. The water, present all the time, is not converted 
into any new product. We must therefore try to get a new 
product from the water. • We must first try the action of metals, 
and as in the case of our studies upon air, we will use iron first. 
If iron be left in water it is found to form a considerable quantity 
oirust \ but this may be due to the air which may be dissolved 
in water ; for if the iron be placed in a tube, containing water 
which has first been well boiled to drive off the air, and the tube 
is then sealed in a blow-pipe, the iron either does not rust, or 
does so to only a very slight extent. 

If, however, the iron is heated and the water is passed over 
it in the form of steam, in the manner described in Experi- 
ment 187, a chemical action begins which teaches several 
important facts about the composition of water. Not only do 
the iron filings become rusty, just as they do when exposed to 
damp air, but a gas, insoluble in water and which can be col- 
lected over a trough as shown in Fig. 208, is obtained. This 
gas burns when a lighted taper is brought near to it. 

Action of Sodium upon Water.— It has been seen 
that from the steam and iron we obtain iron rust, that is, iron 
oxide, and an inflammable gas. We must investigate this 
further, as it appears to show that the water contains this in- 
flammable gas as well as oxygen. Something must be found 
which has a more powerful action on oxygen than the iron. 
Such a substance is the metal sodium. 

When a small piece of sodium is thrown upon water it swims 
about on the surface with a hissing noise ; and the solution, after 
the sodium has all disappeared, has a soapy feel and turns red 
Jitmus blue. In this case we can only see that the action is 
energetic and a new product is formed, while the soapy feel of 
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the water and its action on litmus appear to indicate that this 
product is the same as that obtained when sodium is burnt in 
oxygen and the fumes formed are dissolved in water. If the 
piece of sodium is enclosed in a piece of lead piping, the ends 
of which are flattened, the gas comes off in such a way that it can 
be collected with ease, and it is then observed to be colourless 
and to have no smell. If two tubes, which have been filled 
with the gas (Fig. 209) and held for thirty seconds, one with its 
mouth upwards and the other with its mouth downwards, have 
a lighted match applied to them, it is found that there is no 
effect with the first tube and a slight explosion with the second. 

The slight explosion of (2) shows it to contain an explosive 
gas, while the absence of any effect with (i) shows that the gas 
has all disappeared. Hence, it is seen that the gas escapes 
from a tube held mouth upwards, but not so quickly from one 
held mouth downwards. It is therefore lighter than air, being 
in fact the lightest gas known. 

If a third tube of the gas is examined in the same way, 
immediately on taking it out of the water, the gas does not 
explode, but burns quietly, while the match itself is ex- 
tinguished. 

Preparation and Properties of Hydrogen. 

EXPERIMENTAL WORK. 

191. Preparation of Hydrogen. — Select a flask and fit it up as is shown 
in Fig. 210. Be very careful that the stopper and the tubes respectively 



Fig. 210.— An inflammable gas (Hydrogen) is obtained by dissolving zinc or iron 
in dilute sulpbviric acid. 



gitized by Google 



278 EXPERIMENTAL SCIENCE chap. 

fit very closely. Into the flask put enough granulated zinc to cover the 
"bottom. Pour some water upon the zinc. Arrange the delivery tube 
in the trough as you did when you were making oxygen. Pour a little 
sulphuric acid down the thistle-headed acid funnel, and be quite sure 
that the end of the funnel dips beneath the liquid in the flask. Do not 
collect bottles of the gas until you are sure pure hydrogen is being given 
off, which you can find out in this way. Fill a test-tube with water and 
invert it over the end of the delivery tube. When it is full of gas, still 
holding it upside down, take it to a flame (which should not be near the 
flask you are using) ; notice that there is a slight explosion. Continue 
this until the hydrogen burns quietly down the test-tube. When this 
happens you may proceed to fill one or two bottles. When the bottles 
have been filled, it is better not to remove them from the water until 
you want to use them. Collect also a soda-water bottle half fiiU of 
the gas. 

192. The Liquid Left in the /7Ar^.— Filter off the liquid in the flask 
from the undissolved zinc (sufficient zinc should be used to leave a 
quantity still undissolved ; if all has disappeared add more and wait till 
the action ceases). Partially evaporate the liquid and allow it to 
crystallise. You will find that a quantity of clear colourless crystals 
are formed. Examine them and sketch the most perfect. Heat some 
of the crystals in a tube and observe that they melt, give off" water 
(which can be collected and proved to be water), and leave a white 
powder. 

193. Water of Crystallisation, — Examine crystals of blue vitriol. 
Powder one and heat the powder in a dry test-tube, and » notice that 
water collects on the sides of the tu^)e. The blue vitriol becomes white 
as it loses water. Dry a larger quantity of blue, vitriol in an oven till 
white. Pour water upon some of the white powder thus formed. 
Notice it regains its original blue colour with the evolution of 
heat. 

194. Hydrogen bums but extinguishes a flame. — Test one jar of 
the gas by means of a lighted match or taper. Observe that the gas 
burns around the mouth of the jar but that the taper is extinguished, but 
on being taken out, again becomes alight on passing through the flame 
of the burning hydrogen (Fig. 211). 

195. Hydrogen is lighter than Air. — Take a full jar of the gas and 
hold.it mouth upwards below a second smaller jar held mouth down- 
wards as shown in Fig. 212. On testing with a lighted taper observe 
that the gas has left the lower jar and filled the upper. Many experi- 
ments, as the filling of balloons or soap bubbles, may also be performed 
to demonstrate the extremely low density of hydrogen. 

196. Hydrogen forms an explosive mixture with Air. — Wrap your 
hand well in a duster and with it hold the soda-water bottle. Take it 
out of the water so that the water runs out, and the bottle is now filled 
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with a mixture of hydrogen and air. Apply a light and you will not 
fail to observe that an explosion results. 




Fig. 211.— Hydrogen burns, but 
extinguishes a flame. 



Fig. ai2.— Hydrogen is so light 
that it can be poured upwards. 



197. Hydrogen burns with a pale blue flame. — Apply a light to the 
end of the delivery tube and allow the hydrogen to burn. Observe that 

it burns with a pale blue flame, 
which after a time becomes 
yellow. As the colouration does 
not occur however until the 
glass becomes hot, we must re- 
gard it as due to some substance* 
in the glass. 

198. Hydrogen can be collected 
by upward Displacement, — Sub- 
stitute for the delivery tube in 
Expt. 191 a tube bent twice at 
right angles, as shown in Fig. 
213, and arrange a jar on a 
retort-stand in an inverted posi- 
tion. Place a test-tube over the 
upright tube, and allow it to stay 
there for a minute, and test the 
gas as described in Expt. 191. 
When it is pure, substitute the 
inverted jar, and after a few 
minutes lift it off the stand and apply a light, first taking the precaution 
to wrap a duster round the jar and to hold it away from your face. 
The jar will be found to contain hydrogen. 




Fig. 213. — Collection of hydrogen by 
upward displacement. 
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Preparation of Hydrogen in Large Quantities.— It 
has been seen that from water and sodium it is possible to 
obtain an inflammable gas, lighter than air, which does not 
support combustion, while there is also formed a solution which 
behaves like the solution of sodium oxide. The most natural 
inference is that the water contains this inflammable gas which 
is called hydrogen, and oxygen. Before proceeding to verify 
this, it will be well to examine more carefully the properties of 
the inflammable gas, and to do this it is necessary to collect the 
gas in greater quantity than hitherto. For this purpose we 
must act upon a metal, such as zinc, with a dilute acid, say 
sulphuric acid, instead of water. 

The apparatus suitable for the preparation of hydrogen in 
his way is described in the experimental work (p. 277). Owing 
to the insolubility of hydrogen in water, it can be collected in the 
same way as oxygen over the pneumatic trough. If when the 
chemical action in the flask has completely stopped, the liquid 
is filtered from the still undissolved zinc as previously explained, 
and then partially evaporated in a basin and afterwards allowed 
to crystallise, a quantity of clear colourless crystals are formed. 
These crystals melt if heated in a tube, give off water and leave 
a white powder. These crystals are a compound formed from 
the zinc and part of the sulphuric acid, and are known as zinc 
sulphate. 

It may therefore be stated that sulphuric acid and zinc 
form hydrogen and zinc sulphate. Or, the same fact may 
be expressed in another way : — 

when 
Sulphuric acted ^ . Zinc , .^ 

ACID upon 2»^^ ^^^^^ SULPHATE ^""^ HYDROGEN. 

with 

Water of Crystallisation. — Many crystals behave like 
zinc sulphate on heating, />., lose water which they pre- 
viously contained, and become converted to a powder. The 
water contained in a crystal and evolved on heating is known 
as water of crystallisation. Some substances, like blue vitriol 
(copper sulphate), change in colour when their water of crystal- 
lisation is driven out by heat. But the colour can be regained 
by adding water. 
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Properties of Hydrogen. — We have now a means of 
obtaining hydrogen in considerable quantity and have observed 
that it is a colourless, odourless gas, considerably lighter than 
air ; it bums, but does not support combustion, and it forms a 
highly explosive mixture when mixed with air. It is now 
necessary to obtain and examine the compound which is 
produced by the burning of hydrogen, that is, the oxide 01 
hydrogen. 

When Hydrogen Burns, Water is Formed. 

EXPERIMENTAL WORK. 

199. Water is Formed by Burning Hydrogen. — {a) Arrange a flask 
as before for the production of hydrogen. Pass the gas through a tube 
containing chloride of calcium in order to thoroughly dry it. Allow it to 
bum under a retort which is kept cool by a stream of water flowing in 
at the tubule and out at the end of the neck (Fig. 214). Observe the 



Fig. 214. — Water is produced when hydrogen burns in air. 

formation, on the side of the retort, of a clear liquid which collects and 
drops into a beaker placed to receive it. By this means sufficient of the 
liquid can be obtained to identify it, especially if several students add 
together the liquids formed in their experiments. 

\b) Take the density, freezing point (a mixture of sodium sulphate 
and hydrochloric acid forms a very convenient freezing mixture), and 
boiling point of the liquid formed by burning hydrogen. You will find 
these are i, 0° C, and 100° C. respectively, and these results are 
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sufficient to enable you to state that the liquid is identical with pure 
water. 

200. Analysis of Water, — This may be done by means o* an electric 
battery for generating the electric current, and a Voltameter. The 
latter is most simply made by closing the bottom of a funnel by means 

of a tightly fitting cork 
through which pass two 
platinum wires with 
small plates of platinum 
attached to the ends 
remaining in the funnel 
(Fig. 215.) Over these 
plates are supported 
two glass test-tubes, 
and the tubes and part 
of the funnel are filled 
with waXer to which 
has been added a little 
sulphuric acid, as other- 
wise it offers great re- 
sistance to the electric 
current. The wires 
from a battery of three 
or four cells are con- 
nected with the ends 
of the platinum wires, 
and as soon as the 
connection with the 
Fig. 215.— a Voltameter. battery is complete, 

provided there is clean 
metal at every junction, bubbles of gas are seen to rise from each 
platinum plate and to ascend into the tube and displace the contained 
liquid. After the experiment has gone on for half-an-hour, the gases 
may be tested and their volumes measured. It will be found that the 
volume of one gas is double that of the other, and that the gas of which 
there is the larger amount is hydrogen^ while the other is oxygen. 

Formation ofWater by Burning Hydrogen.— When 

a jet of burning hydrogen is brought in contact with a cold 
surface, as in Fig. 214, the product of combustion, or the oxide 
of hydrogen, is condensed. If after a sufficient quantity of the 
liquid has been collected it is examined, it is found {a) to have a 
density of i, (b) to freeze at 0° C, and (c) to boil at 100° C. 
These are the physical characteristics of water, so we are 
justified in stating that this liquid is water. 

Previous experiments have indicated that water contains 
hydrogen and oxygen. We have found it is an oxide of hydro- 
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gen, and may now write : — Hydrogen in burning pro- 
duces water which is, therefore, an oxide of 
hydrogen. 
Proportions of Oxygen and Hydrogen in Water.— 

The proportions in which the oxygen and hydrogen combine 
during the formation of water need now to be considered. We 
may do this in either of two ways, viz., by finding the mass of 
the gases, or by finding the volume of the gases, which combine. 
For the latter it is necessary to measure out definite volumes of 
oxygen and hydrogen, cause them to combine, then 
measure the volume of gas which remains un- 
combined and ascertain which gas it is. This is 
usually done in a piece of apparatus known as an 
Eudiometer (Fig. 216). In its simplest form this 
consists of a long glass tube closed at one end and 
graduated in equal volumes, usually cubic centi- 
metres, by divisions marked on the glass. Through 
opposite sides of the tube, at the closed end, pieces 
of platinum wire are passed and fused into the glass, 
being so arranged that they do not quite touch one 
another. Outside the tube the platinum wires are 
bent into loops to which wires from an electric coil 
may be attached. 

Composition of Water by Volume.— To 
use the eudiometer it is first completely filled with 
mercury and inverted over more mercury contained 
in a trough. A suitable quantity of pure dry oxygen 
is then bubbled into the tube and the volume (after 
the necessary corrections for temperature and 
pressure) is recorded. Pure dry hydrogen is next 
bubbled into the tube, using a considerable excess 
of one or other of the gases. The volume is again 
recorded (with necessary corrections as before) and then, 
keeping the eudiometer firmly pressed upon a sheet of india- 
rubber, or felt, at the bottom of the trough, the gases are 
made to combine by causing an electric spark to pass be- 
tween the platinum wires inside the tube. As soon as the 
spark passes, the two gases combine, with a flash of light. The 
eudiometer is slightly raised from the india-rubber (but of course 
not above the mercury in the trough), and it is seen that the 



Fig. a 16. 
Eudiometer. 
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volume of the gas in the eudiometer is less than before the 
explosion, and that there is a film of moisture upon the interior 
of the tube. The corrected volume is again recorded and the 
nature of the gas ascertained. The volumes of the gases which 
combined in the manner indicated were found in one experi- 
ment to be as follows :— 

Corrected volume of oxygen = 12 c.c. 

Corrected volume of mixed gases = 50 c.c. 

Therefore corrected volume of hydrogen = 38 c.c. 

Corrected volume after explosion = 14 c.c. 

Gas left ascertained to be Hydrogen. 

Hence the 12 c.c. of oxygen united with (38-14), /.^., with 
24 c.c, of hydrogen, and this result is always obtained, namely, 
2 volumes of hydrogen combine with 1 volume of 
oxygen to form water. 

If instead of doing the experiment in the above manner the 
eudiometer tube be kept heated above 100° C. during the experi- 
ment (by surrounding it with a larger tube through which the 
vapour of some boiling liquid is passed), it is further found that 
the steam produced from these 3 volumes of oxygen and 
hydrogen only occupy 2 volumes. Such a process as this, 
the formation of a compound from elements, or from simpler 
materials, is known as a synthesis. 

The required ratio may also be found by the analysis of 
water, that is, by breaking the liquid up into its components, 
which can be done by passing an electric current through it. 
The apparatus employed is called the Voltameter and is 
described on p. 282. Experiments with this instrument again 
prove what was found by synthesis, viz., that 2 vols, of 
hydrogen combine with i volume of oxygen, and further, it may 
be noticed that both classes of experiments also prove that 
water is solely formed from these two gases, and contains no 
other constituent. 



Composition of Water by Mass. 

EXPERIMENTAL WORK. 

201. Composition of Water by Mass — In the glass tube AC 
(Fig. 217) place a small porcelain Loat containing copper oxide, the 
boat and oxide being previously weighed. To the end C attach a 
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U-tube containing calcium chloride, a substance which readily absorbs 
moisture. At A attach a tube, as shown, by means of which dry 
hydrogen, prepared as in Expt. 191, may be passed through the tube 
AC. The U-*^ube of calcium chloride must be carefully weighed before 
the experiment. When the hydrogen is passing, heat the tube AC, 
and observe that the black colour ot the copper oxide changes to the 
red colour of metallic copper, and that water collects in the [J -tube D. 




Fig. 217.— When dry hydrogen is passed over hot copper oxide, steam is produced, 
and the black oxide is converted into copper. 

Take care that no condensed water remains in AC ; if any is present, 
heat it and drive it over into D. Allow the tube to cool, disconnect, 
and weigh the boat of oxide and the (J -tube again. 

Composition of Water by Mass.— To find the com- 
position of water by mass, that is, the masses of oxygen and 
hydrogen which combine to form water, it should be noticed 
that we only require the masses of two out of the three 
substances concerned, i.e.^ if we know the masses of hydro- 
gen and water (or of oxygen and water), the mass of the 
oxygen (or hydrogen) is readily calculated. The experiment is 
done by finding the masses of the oxygen and water, and for 
this it is best to use not oxygen itself, but some oxide which 
readily gives up its oxygen to the hydrogen, so that by weighing 
the oxide before and after the experiment we can ascertain the 
mass of oxygen which it has lost. The oxide used for this 
purpose is oxide of copper, a black powder, which it has been 
seen is obtained when air is passed over red hot copper. Pure 
dry hydrogen is passed over the heated oxide when it combines 
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with the oxygen of the oxide to form water and leaves the 
copper behind. The weighings to be made have already 
been described, and the method of calculating the result is as 
follows : — 

Mass of U -tube after experiment ... ... 36*473 grams 

Mass of U -tube before experiment 35*821 grams 

Mass of water produced 0*652 gram 



Mass of boat of copper oxide before experiment . . . 5*562 grams 
Mass of boat of copper oxide after experiment . . . 4*982 grams 

Mass of oxygen 0*580 grams 



The mass of oxygen is 0.580 gram, and that of the water 
produced from it is 0652 gram ; therefore the mass of 
hydrogen must be 0652-0*580 gram, that is, 0072 gram. 
Write therefore :— 

Mass of water 0*682 gram 

Mass of oxygen 0580 gram 



Mass of hydrogen ... 0072 gram 

Therefore '072 gram hydrogen combines with '580 gram of 
oxygen, and hence i gram hydrogen combines with -^— 

= 8 grams of oxygen. 

If the experiment is carefully performed this is the result 
always obtained, so that we have found that Water is formed 
of eight-ninths its mass of oxygen with one-ninth 
its mass of hydrogen. 

This experiment, also taken in conjunction with the previous 
experiments upon the volumes of the gases, proves further that 
one volume of oxygen is 16 times as heavy as the same volume 

of hydrogen, so that one litre of hydrogen has a mass of — ^, 

that is, nearly *09 gram (accurately '0896). 
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Solvent Powers of Water. 

EXPERIMENTAL WORK. 

202. SoltUion. — {a) Place a piece of sugar in water, and note that it 
soon disappears, and gives a sweet taste to the whole of the water, so 
that the particles, of the sugar must be spread through the entire mass 
of the water. 

{h) Weigh out 50 grams of each of the following substances : — finely 
powdered nitre, sugar, salt, and to each add water, in small quan- 
tities, with vigorous shaking after each addition. Determine thus the 
quantity of water necessary to form a saturated solution of each. 

(f ) Weigh out an ounce each of sugar, common salt, and powdered 
gypsum. By increasing the amount of water ascertain how much is 
necessar}^ to completely dissolve each of the powders. Show the 
amounts of water are roughly i ounce, 3 ounces, and 360 ounces (2^ 
gallons) respectively. 

203. Solution is a Physical Change, — (a) Weigh out a quantity of 
salt in an evaporating basin and dissolve it in water. Heat gently 
over a Bunsen burner so that the water boils and evaporates away 
completely. Note that a white solid remains in the basin, and again 
weigh. Satisfy yourself that the mass is equal to the mass of the 
basin and salt before solution, and that the solid left is still salt. 

{h) Evaporate a little distilled water in a platinum or porcelain 
crucible. Notice the absence of any residue. Repeat the experiment 
with tap-water, and note the residue. 

204. Effect of Temperature on Solution. — Place a quantity of pow- 
dered nitre in water 

and allow it to stand 
for some time with 
frequent vigorous 
shaking, so that a 
cold saturated solu- 
tion is formed. Now 
heat the solution and 
see whether more 
solid dissolves or not. 

205. Gases Dissolve 
in Water. — Com- 
pletely fill a gallon 

tin can with tap- water / 

and attach a cork and * 

delivery tube, dipping Fig. 218.— Apparatus for expelling air from water, 

under a jar of water 

inverted in a trough (Fig. 218). Heat the can and observe that dis-' 
solved air is driven out. Collect the air and see that, since it sup- 
ports combustion, it contains oxygen. Prove also (by means of lime- 
water) that it contains carbon dioxide. 
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Water as a Solvent. — If a piece of sugar is put into 
water it soon disappears, and the liquid is found to be sweet in 
every part. The sugar has dissolved to form a solution of sug-ar. 
Siinilarly, a very great number of substances dissolve in water, 
but not all to the same extent. Those substances which dissolve 
in this manner are called soluble^ while those which do not are 
spoken of as insoluble. 

Water dissolves a larger number of things than any other 
liquid. This explains why we cannot find pure water in nature. 
No sooner does rain form than it begins to dissolve various 
substances ; in its passage through the air it takes up varying 
amounts of the constituents of the atmosphere, such as carbon 
dioxide and oxygen, and when the surface of the earth is 
reached the water dissolves out of the soil and the underlying 
rocks portions of all the soluble ingredients. The more soluble 
bodies are iiaturally dissolved to the largest extent. It will be 
seen later that the solvent property of water is considerably in- 
creased by the presence of the carbon dioxide it obtains in part 
from the air. When the amount of material dissolved in water 
is very great, it gives a distinctive character to the liquid, which ' 
becomes known as a mineral water. Those natural waters 
which contain a compound of sulphur and hydrogen, called 
sulphuretted hydrogen, are spoken of as sulphur-water ; if some 
compound of iron is the substance which has been taken up in 
large quantities, we have chalybeate waters formed. Effervescent 
waters have a great amount of carbon dioxide dissolved. 

Hard and Soft Waters.— It is a fact familiar to every 
one that soap lathers very easily in some waters and not at all 
in others. If rain-water be used, the lathering takes place with 
great ease, while with the water which is supplied to some 
towns a lather can only be made with difficulty ; and if we 
attempt the same process in sea-water there is no lathering at 
alL Those waters in which soap lathers easily are said to be 
soft. When this is not the case the water is spoken of as hard. 
The explanation is a simple one. Water, as has been seen, 
dissolves materials out of the rocks below the soil, and often • 
takes up, among other things, ^compounds of calcium and 
magnesium, which unite with soap forming a new compound of 
an insoluble kind, and in consequence there is no lathering until 
all the calcium and magnesium has thus combined with soap, after 
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which the solution or lathering of the soap begins. The soap which 
combines with the dissolved materials is, of course, wasted. 

Temporary and Permanent Hardness.— Hard waters 
differ among themselves. Some can be softened by mere 
boiling, and when this is the case the hardness is said to be 
temporary. If the hardness is not removed after the water has 
been boiled, and the water requires the addition of a chemical 
to soften it, such hardness is termed permanent. As has already 
been mentioned, the presence of carbon dioxide in water gives it 
the power of dissolving substances which would be otherwise 
insoluble. Chalk, known to chemists as calcium carbonate, is 
insoluble in pure water, but in water in which there is carbon 
dioxide it dissolves to a considerable extent. 4s soon as this 
dissolved gas is got rid of, which can be done by boiling, the 
chalk, being no longer soluble, is thrown down upon the sides of 
the vessel. It forms in this way the incrustation which is found 
on the inside of kettles and boilers. 

Permanent hardness is due to the presence of dissolved 
calcium sulfate and other compounds. Since this substance 
is soluble . in pure water, mere boiling will not get rid of it \ 
washing soda, which is a form of sodium carbonate, softens such 
water as this, by causing the formation of calcium carbonate in 
the place of the calcium sulphate. 



Fig. 219. — The distillation of water. 

Distillation of Water. — If the steam which is formed be 
boiiing water containing any of these dissolved substances be 
Ex. Sc— I u 
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condensed, the water formed is quite pure. To obtain pure 
water from any kind of water, then, whether fresh or salt, all 
that has to be done is to boil it and condense the steam which is 
given off. The dissolved materials are all left behind in the 
vessel in which the boiling takes place. An arrangement for 
condensing steam or vapour is shown in Fig. 219. The steam 
driven off from the water in the retort passes into a flask kept 
cool by resting upon a basin of cold water, and is thus con- 
densed. It is advisable to place a wet duster or a wet piece of 
blotting paper upon the flask to assist the condensation. 



Chief Points of Chapter XVIII. 

Water is a clear liquid with a blue green colour. It boils at 100* C, 
when it is converted into steam. It freezes at o* C, becoming ice. 
Its density at 4° C. is i. It possesses great solvent power. 

Hydrogen is eontained in Water.— This has been proved by causing 
heated iron to drive hydrogen out of the water, when the iron combines 
with the oxygen which is left, to form oxide of iron. Sodium turns 
the hydrogen out of water at ordinary temperatures. The hydrogen 
can be collected and examined. 

Fret»aration of Hydrogen. — Hydrogen is best prepared by acting 
upon a dilute acid with a metal. Sulphuric acid and zinc have been 
found to be suitable. 

Sulphuric Acid and Zinc form Hydrogen and Zifu Sulphate, 

Properties of Hydrogen. — It is a colourless, odourless gas« con- 
siderably lighter than air. It does not support combustion, but itself 
burns in air. It forms an explosive mixture when mixed with air. 

Production of Oxide of Hydrogen.— By collecting the product of 
combustion when hydrogen is burnt, and examining it, it is found to 
be a clear liquid with density i, boiling point 100** C, freezing point 
o** C. The product, or oxide of hydrogen, is thus seen to be really 
water. Hydrogen in burning -produces water which is, therefore, an 
oxide of hydrogen. 

Composition of Water by Volume.— This can be determined by 
means of an Eudiometer, into which known volumes of pure dry 
oxygen and hydrogen are bubbled after the eudiometer has bieen filled 
with mercury and inverted in a trough containing the same liquid. 
When an electric spark is passed through the mixture parts of the 
gases combine ; and the experiment, when performed, as described in 
the chapter, shows that two volumes of hydrogen combine with one 
volume of oxygen to form water. This process of building up a com- 
pound from its elements is called synthesis. 

The opposite process of splitting a compound up into its elements is 
called analysis. The analysis of water is effected by passing an electric 
current through water contained in a voltameter. The result of such 
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an experiment is precisely the same as that obtained, by synthesis, with 
the eudiometer. 

Composition of Water by Mais. — Pure dry hydrogen is passed 
over heated oxide, of copper. The hydrc^en combines with the oxygen 
of the oxide, forming water, and leaves the metallic copper behind. 
The water formed is collected and weighed. The copper oxide is 
weighed before and after the experiment. Its loss in mass shows 
the amount of oxygen in the water formed. The diflference between 
the mass of the water formed and the oxygen it contains shows the 
mass of the hydrogen in the water. When carefully performed, the 
experiment proves that water is formed of eight-ninths its mass of 
oxygen and one-ninth its mass of hydrogen, 

Hatnral Waters generally contain dissolved materials. When the 
amount is very large the water is called a mineral water. Natural 
waters containing sulphuretted hydrogen are called suiphur-waters ; 
those containing compounds of iron are called chalybeate waters ; and 
those containii^ much carbon dioxide are spoken of as effervescent. 

Hard and Soft Waters. — Those waters in which soap lathers easily 
are said to be soft. When such is not the case the water is spoken of 
as hcu'd. 

Hard waters which can be softened by boiling are said to have 
only temporary hardness. If the water cannot be thus softened, but 
requires the addition of a chemical, its hardness is said to be 
permanent, ^ 

Questions on Chapter XVIII. 

1. Write down what you consider to be the physical and chemical 
characteristics of water, that i^, the features and properties which are 
possessed by water, but by no other substance. 

2. Describe a chemical method of liberating hydrogen from water {a) 
at a red heat ; {b) at ordinary temperatures. 

If you were provided with three^ttles of hydrogen, what experiments 
would you perform to illustrate important properties of the gas ? 

3. How can you prepare hydrogen? How would you exhibit its 
properties to a class ? What substance is produced when hydrogen is 
burnt? 

4. A jar of oxygen, a jar of nitrogen, and a jar of hydrogen are put 
before you. How can you tell which is which ? 

5. Describe experiments (i) to show that water may be split up into 
oxygen and hydrogen, and (2) to show that by the combination ofthese 
gases water is produced. 

6. Describe experiments to show that water dissolves (i) air, (2) 
lime. 

7. Describe some important chemical changes in which water takes 
the principal part. 

8. Give examples of the solvent power of water. How could you 
determine whether a sample of water contained dissolved solid 
matter ? 

U 2 
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Diescribe the apparatus you would employ to obtain water free from 
dissolved, substaaces. 

9. A current of steam is passed through a tube which contains, pieces 
of iron heated to redness. What chemical change goes on within the 
tube, and what tests would you apply to identify the gas which escape 
from the end of the tube ? 

10. What is the difference between fresh water aiid sea water ? 
Describe, giving a sketch of the apparatus employed, a method- of 

preparing drinkable water from Sea water. 

11: Describe the apparatus you would use for the production and 
confection of hydrogen gas ; name the niaterials required, and describe 
the properties of the ga^. 

12. Describe tjiree different methods by which hydrt^en may be 
obtained from water. 

. How would you prove that air contains one of the constituents of 
water? 

13.* What are the chief impurities in common water ? How would 
you obtain pure water ? Make a sketch of the necessary apparatus and 
explain the use of its several parts. 

.14. What chemical reaction takes place when a small piece of 
tnetallic sodium is thrown into water ? 

Hbw would you test whether the solution left is acid or alkaline, and 
bow would you prepare from it some common salt in the crystalline 
state? 

15. If you were "given a mii^ture containing common salt and sand, 
describe how you would separate these two substances and determine 
the' weight of each which was present in the original mixture* 
. 16. Mention two methods of obtaining hydrogen from water. How 
would you recc^nise the gas when obtained ? 
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CHAPTER XIX 

CARBON AND SOME OF ITS COMPOUNDS 

. Forms of Cajrbon 

EXPERIMENTAL WORK. ^ 

, 2o6v Carbon is Contained in Organic Substances. — Heat s^ series of 
organic substances, such as meat, wood, potato, egg, &c., in a' 
crucible, and notice in all cases the production of a black^ residue; 
consisting largely of carbon. Heat more strongly, and observe that 
it burns away, leaving an almost colourless ash. - - 

207. Properties of Carbon. — Examine and write down the properties 
of as many of the following forms of carbon as you can obtain :— 
diamond, blacklead, wood-charcoal. 

208. When Carbon is Burnt Carboti Dioxide is formed,— (a) IJeat 
strongly a piece of charcoal in. a closed hard glass test-tube and show 
that without air it does not burn. 

{b) Suspend a piece of glowing charcoal in a bottle containing^ 
lime-water. Shake up and show, that lipie-water is turned milky 
owing to iformation of carbon dioxide, 

209. Carbon or Charcoal is Porous. — {a) Show that charcoal floats in 
cold water. In boiling water charcoal sinks after a time, and then will 
not float again; uiiless thoroughly dried.. This is because air was 
driven out of the charcoal by the warmth of the water. 

^ (^) Fill a large test-tube with ammonia gas^ over mercury, a,hd 
show that it can be absorbed by introducing a. small lump of tharcoal. 
This is a striking proof of the porosity of carbon. ' - '. . 

1 Ammonia gas can be easily prepared by heating an ordinary' strong solution of 
ammonia in water (ammonium hydrate). The gas should be dried by passing it upwards 
through a cylinder of dry quicklime. It can be collected aver mercury in a trough. 

293 
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Forms of Carbon. — Carbon is an element which is very 
widely distributed in nature, being present in all living matter, 
and in most products resulting from vital activity. 

Carbon occurs, combined with other elements, in many rock 
masses, being a constituent of all the minerals known as 
carbonates. Combined with oxygen as carbon dioxide, it 
occurs in the atmosphere and certain natural gases, or dissolved 
in spring waters. 

In the pure state it exists in various allotropic forms. Oi 
these the purest and the most valuable is the DiamoxKL This 
form of carbon is crystalline and very hard, being capable of 
scratching all other minerals. Its refractive index (p. 231) is 
very high, and on this depends its brilliancy as a gem. Diamond 
is proved to consist of carbon by burning it in air or oxygen, 
when only carbon dioxide results. 

Blacklecui or graphite is another form of almost pure 
carbon, with properties totally different from those of the 
diamond. It is opaque and black, and so soft that it will mark 
paper. It is really a crystalline form of carbon, although good 
crystals are not very common. It occurs naturally in mines, 
chiefly in California, and was formerly largely obtained from 
Cumberland. Besides its use for lead pencils, it is also used as 
a lubricant. 

Other forms of more or less pure carbon in an uncrystal- 
lised or amorphous state are coke^ and gas carbon^ which 
result from the heating of coal ; lampblack^ which is the carbon 
deposited by oils, &c., burning in an insufficient supply of 
oxygen ; wood charcoal^ &c., obtained by heating wood, in 
closed retorts or in stacks under earth. 

Charcoal has the power of absorbing many gases, and also of 
absorbing colouring matter, and on the latter account it is used 
for decolorising solutions coloured by organic matter. Coal 
contains large quantities of carbon, especially the harder or 
anthracite coals, where the quantity may reach 94 per cent, 
being, however, only about 65 in brown coal or lignite. 
Animal charcoal is really a misleading term, as the quantity of 
carbon present is usually only about 10 or 12 per cent., the 
remainder being chiefly bone ash. 

Both animal- and wood-charcoal are very porous substances, 
and they have the power of absorbing gases to a large extent 
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Wood-charcoal . is used considerably on the continent for 
heating purposes. Both kinds are useful in destroying noxious 
vapours. 

Whenever any of the amorphous kinds of carbon bum in air 
or oxygen, carbon dioxide is the compound formed. 

In those cases when, like carbon, the same element assumes 
forms with physical properties which are quite different, it 'i 
said to form an example of allotropy, or to have sev;iral 
allotropic forms. 

Tiime 

EXPERIMENTAL WORK. 

210. Slaking of Lime. — To half a pound of fresh lime add three 
ounces of cold water. Observe that the mass gets very hot and 
swells up. 

2X1. Action of Lime on Litmus. — Test some wet lime with litmus 
papers. Observe it changes red litmus to blue. 

212. Solution of Lime in Acids. — Dissolve some lime in hydrochloric 
acid, and evaporate the solution to dryness. Note the formation of a 
white solid, which rapidly absorbs moisture from the air and liquefies. 
It has been previously used in some of our experiments under the name 
of calcium chloride. 

Lime. — Lime is a white solid, which is unchanged on heat- 
ing ; but if heated sufficiently, it glows and emits a brilliant 
white light. It is on this account employed for the production 
of the limelight, where a small, hard cylinder of lime is strongly 
heated in an oxy-hydrogen or oxy-coal-gas flame. 

Lime is obtained from chalk, or from limestone, the rock 
being strongly heated in kilns, from which, after the burning, 
and consequent loss of ciarbon dioxide, the lime is raked out. 

When water is added to freshly-burnt lime, or quick-lime^ as 
it is termed, the water combines with it with the evolution of a 
large amount of heat, which is enough to boil the water if the 
quantity of lime is large. This can be seen at any time 
when bricklayers are preparing lime for making mortar. This 
addition of water to lime is called slaking it, and the altered 
lime is known as slaked lime. Lime dissolves to a slight extent 
in water, forming lime-water. 
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The Constitution of Chalk. 

EXPERIMENTAL WORK. . 

213. Weigh a crucible and in it place some powdered chalk. ^ Heat 
it in a muffle furnace at a bright red heat for a few hours, allow it to 
cool, and again weigh. Calculate the loss or gain for 100 grams of 
chalk. 

214. To a little chalk, or a few small pieces of marble or limestone, 
in a test-tube, add some dilute hydrochloric acid. Note that brisk 
effervescence occurs. Fit a delivery tube to the test-tube and. pass the 
gas evolved through lime-water, and observe the formation of a white 
precipitate resembling that produced by carbon dioxide. To some of 
the precipitate add a little dilute acid, and observe it becomes clear, 
with slight effervescence. Evaporate the solution left in the test-tube 
and see that, as in the case of the action between lime and hydrochloric 
acid (Expt. 213), calcium chloride is left. 

What Happens to Chalk when it is Heated.— To 

investigate the nature of chalk, or limestone, a small portion 
should be heated, and the gain or loss of mass recorded. This 
can be done if a furnace — a muffle furnace is very convenient 
— is available. 

It will be found that the chalk loses about 44 per cent, of its 
mass, and it is thus proved that the lime consists of chalk 
from which some constituent has been expelled by heat. 

When ^hydrochloric acicl is added to a little chalk a brisk 
effervescence occurs and a gas which turns lime-water milky is 
given off. The powder causing this milkiness dissolves in the 
diluted acid, and if the solution so obtained is evaporated, 
calcium chloride is left behind just as when lime is dissolved rn 
hydrochloric acid. 

From chalk then, by the action of hydrochloric acid, we 
obtain carbon dioxide and the product which results from the 
interaction of the same acid with lime. It appears therefore 
probable that the chalk consists of the carbon dioxide and the 
lime. 

If hydrochloric acid is poured upon a known mass of 
chalk, in such a way that all the gas evolved is got rid of, 
it is found that the loss of mass of the chalk is equal to 
the loss of mass on heating, so that we are justified in con- 

1 It is worth while to point out that the prepared substance used for black-board 
writing is often not chalk. 
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eluding that th^ same constituent w^§ evolved, and we may 
write :— ... 

Chalk = lime and carbon dioxide. 

By the action of the gas upon lime dissolved in water we also 
obtain a white product, and if sufficient of this be collected and 
examined it is found that by the action of acids it also gives 
off the carbon dioxide, and that it forms lime on heating. It 
is therefore chalk, and the formation is merely the reverse of 
what was written above, />., lime and carbon dioxide form 
chalk, so that the turbidity of the lime-water is due to the 
formation of chalk. 

Compounds which, like chalk, evolve carbon dioxide when 
acted upon by an acid, are known as carbonates, and many 
carbonates exist, all possessing similar characteristics. Many 
of these wv heating also give off carbon dioxide, the residue 
being known to be an oxide of a metal, so that they consist 
of carbon dioxide and a metallic oxide. 

This leads to the iiiea that lime is also the oxide of a 
metal, and this view is now known to be correct, the metal 
being named calcium. Lime, therefore, is calcium oxide and 
chalk caJcium carbonate. The action of carbon dioxide 
upon lime-water may be written 

combines Carbon to Calcium 
LIME ^'^^ Dioxide form Carbonate. 



Preparation and Properties of Carbon Dioxide 

experimental work. 

We are now in a position to prepare larger quantities of pure carbon 
dioxide, and to study its properties more fully. 

215. Preparation of Carhon Dioxides. — I^ a flask fitted with cork, 
thistle-funnel, and delivery tube (Fig. 220), place some chalk or marble 
(also a form of calcium carbonate). Pour in some dilute hydrochloric 
acid, and collect the gas over water as in the case of the preparation of 
hydrogen, or better, by placing the end of the delivery tube iat the 
bottom of a jar, as in Fig. 220. Collect several jars. 

216. Properties of Carbon Dioxide. — {a) Pass the gas through a 
solution of lime-water. Observe the formation of the white precipitate 
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which afterwards disappears. Boil the solution so obtained, and notice 
the re-precipitation. 




Fig. 220. — The Preparation of carbon dioxide. 

[d) Into one jar place a lighted taper. Observe that it is ex- 
tinguished. 




Fig. 221.— To illustrate the high 
density of Carbon Dioxide. 



Fig. 222.— To illustrate Experiment 
2t8. 



(c) Shake up some of the gas with water, and pour the water into 
some blue litmus solution. , The solution turns red. Boil the solution, 
the blue colour is regained. > 

{d) Pour the gas from one jar (B) into another (A), as shown in the 
diagram (Fig. 22 1), and test both jars by a lighted taper. It will be 
seen that the lower 'ar contains the gas. 
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217. {a) Carbon Dioxide in the Air.— VoMX a little clear lime-water 
into a laige bottle of fresh air ; shake it about and observe that a 
slight cloudiness results. 

218. Carbon Dioxide in Expired Air. — By means of a glass tube 
breathe into lime-water contained in a bottle or test tube (Fig. 222). Ob- 
serve that the air from the lungs contains a great deal of carbon dioxide. 

Properties of Carbon Dioxide.— It has been seen that 
carbon dioxide is a heavy gas which does not bum nor support 
combustion. It is slightly soluble in water, the solution acting 
as a weak acid and turning blue litmus to a port wine colour, 
different from the red produced by strong acids. 

The solution of the gas may in fact be regarded as containing 
an acid, carbonic acid, from which the carbonates are derived. 

The formation of the white precipitate with lime-water has 
been shown to be due to the formation of calcium carbonate. 
The disappearance of this precipitate after the carbon dioxide 
has been passed into the lime water for some time, is usually 
explained by the statement that the calcium carbonate is soluble 
in a solution of carbon dioxide, although insoluble in pure water. 
From this explanation it follows that the calcium carbonate is 
re-precipitated when the gas is boiled away. The true explan- 
ation most probably is that really a new compound is formed 
from the calcium carbonate and the carbonic acid, viz., hydrogen 
calciutn carbonate, which is soluble in water, and which decom- 
poses when heated, again forming chalk. 

Uses of Carbon Dioxide.— The fact that carbon dioxide 
is a non-supporter of combustion is made use of in many forms 
of chemical fire extinguishers, which are generally solutions, 
which when heated evolve carbon dioxide so that the burning 
cannot take place and the fire is therefore extinguished. 

The solubility of carbon dioxide in water is increased by pres- 
sure, and the sparkling nature of the various aerated waters is 
due to the carbon dioxide with which they have been charged at 
high pressures, and which escapes when the pressure is reduced 
to that of the atmosphere by the opening of the bottle. It is 
also produced during fermentation, the "rising" of bread being 
due to the escape of carbon dioxide generated by the fermenta- 
tion of the saccharine matters formed from the starch under the 
influence of the yeast. 

By cold and pressure carbon dioxide may be liquefied and 
also solidified, forming a soft white substance, which when mixed 
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with ether forms a powerful freezing .mixture, the teitiperature 
sinking to about - ioo° C. ' 

Occurrenoe of Carbon Dioxide.— Carbon dioxide has 
been already stated to exist in the atmosphere, and to be pror 
duced by thcoxidation of animal and vegetable tissues ;., while 
further, under the influence of sunlight it is reconverted by the 
green parts of plants into its constituents, of which the carbon 
is used by the plant in the formation of tissue. It is also found 
in many natural gaseous emanations, and is frequently present 
to a lai^e extent in the gases of caves and undergfound pas- 
sages, where, owing to its high density, jt tends to accumulate^ 
if formed by fermentation or other natural processes. In expired 
air carbon dioxide is present to the extent of about 47 per cent. 
Although such air is not again respirable, this is partly due' to 
the diminution of the oxygen, and it is doubtful whether carbon 
dioxide has any direct poisonous effect. The proportion of 
carbon dioxide may be increased to even 20 per cent, without 
immediate serious effects if only the quantity of . oxygen be 
simultaneously increased. 



Chief Points of Chapter XIX. 

Carbon is present in all living matter. When organic substances are 
moderately heated, a black residue largely composed of carbon is left. 
If the temperature is raised, the carbon burns away and an almost 
colourless ash is left. 

Carbon exists in several allotropic forms. Two of these, diamond 
and graphite^ are crystalline. Non-crystalline or amorphous carbon is 
known in varying degrees of purity as coke^ gas-carbon^ wood charcoai 
and animal charcoal. I \ . 

Lime, which is used in making linie-water^ is a white solid, which is 
unchanged on heating. -But when heated intensely it glows and emits a 
brilliant white light. It dissolves in hydrochloric acid to form cdkium 
chloride. Wet lime turns a red litmus paper blue.- Lime is obtained 
from chalk or limestone by strongly heating either of them. When 
freshly made it is called quick lime which combines with water, evolving 
much heat and becoming converted into slaked limt. 

When Chalk or Limestone is heated it loses about 44 per cent, of its 
mass. This is due to the loss of carbon dioxide. The sam€ gas is 
evolved when either of the substances is acted upon by hydrochloric 
acid. By ascertaining the mass per cent, of carbon dioxide which is 
given off by the chalk, we can prove that chalk is really a compound of 
lime. and carbon dioxide. ,..;',. 
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Oarbon Dioxide is a heavy gas which does fiot burn fior support com- 
bustion. It is sHghtly soluble in water, the solution acting as a weak 
acid which turns blue litmus to a port wine colour. This solution may 
be.reg^ded as carbonic acid HjOQ-i* The solubility of carbon dioxide 
i^ water is increased by pressure. By cold and pressure it may be 
liquefied and also solidified to a jsoft, white substance, which when 
mixed wJthefher forms a powerful, freezing mixture. 

Carbon dioxide is always found in the atmosphere, being produced by 
the oxidation of animal and vegetable tissues. . This carbon dioxide is 
decomposed by the green colouring matter of plants in the presence of 
sunlight. Carbon dioxide is very common in caverns in limestone 
regions. Its formula is COj. 



Questions on Chapter XIX 

1. Describe and explain the changes which take place when (a) lime- 
stone is burnt in a kiln ; {b) water is added to some freshly burnt lime. 

2. Charcoal burnt in air or oxygen in a bottle containing lime-water 
produces a white precipitate in the lime-water. This white precipitate 
if collected and mixed with hydrochloric acid dissolves with efferves- 
cence. What experiments would you make in order to compare the 
gas thus obtained with that obtainable by a similar process from the 
breath ? 

3. Describe the apparatus you would use for the production and col- 
lection of carbon dioxide gas ; name the materials required, and describe 
the properties of the gas. 

4. Three bottles filled with colourless gas are placed before you con- 
taining {a) hydrogen, {b) nitrogen, and {c) carbon dioxide. Describe 
experiments you would make in order to distinguish them from one 
another, and from other gases. 

5. How is lime distinguished from limestone as to composition and 
properties ? 

6. What is meant by an allotropic form of an element ? 

Give examples of allotropic forms, stating in each case in what ways 
these forms differ one from the other. 

7. What is the composition of limestone ? 

How would you convert limestone into lime, and what other com- 
pound would be produced at the same time ? 

Describe an experiment in which the two substances into which* the 
limestone is split up are caused to re -combine to form a compound of 
the same composition as limestone. 

8. Describe, giving a sketch of the apparatus, how you would obtain 
a jar full of carbon dioxide gas. 

What experiments would you make to exhibit the properties of this 
gas? 

9. Describe experiments to show that charcoal is porous. 
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10. Four bottles are given you containing oxygen, hydrogen, nitro- 
gen, and carbon dioxide respectively. By what experiments would you 
distinguish these gases from one another ? 

1 1. Describe the appearance of the three different forms of carbon. 
By what experiments would you prove that they are really only 

different forms of the same element ? 

12. What is the chemical nature of the sediment formed in kettles in 
which hard water has been boiled, and why is it formed ? 

If you treat the sedimsnt with hydrochloric acid, what reaction takes 
place ? 
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CHAPTER XX 

SOME FAMILIAR SUBSTANCES. 

Iron 

BXPBRIMENTAL WORK. 

219. {a) Deteraiine the relative densities, or specific gravities of steel, 
wrought-iron, and cast-iron by the methods described on p. 68. 

{b) Recall and, if necessary, repeat the experiments dealing with 
the rusting of iron on p. 257, and that concerning the burning of iron in 
oxygen on p. 267. 

Iron. — Iron is by far the most important metal known to 
man. The discovery of how to obtain it from the minerals in 
which it occurs was probably the most valuable ever made. 
Thou^ it is very abundant in nature, it is rarely found un- 
combined. It has been found in certain strange masses, called 
meteorites, which drop upon this planet from inter-stellar space. 
In the earth it is found combined with oxygen, forming oxides 
as magnetite and haematite; as oxides combined with water in 
limonite and gothite j with sulphur, as the sulphides, iron 
pyrites and magnetic pyrites j with carbon dioxide as the car- 
bonates, clay iron-stone and chalybitej and other less important 
ores. 

Three EZinds of Iron. — Iron is known and used in three 
forms, wrought-iron^ cast-iron^ and steel. The first is almost 
the pure element, but cast-iron contains also varying amounts 
of carbon and silicon. Steel contains the same elements as 
cast iron, but the amount of carbon is considerably smaller. 

303 
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The different uses to which these varieties of iron are put 
depends upon the difference in properties they possess. 

Wrought-iron is very tough, and can easily be beaten out 
into plates — a property spoken of as- malleability. For those 
articles which are made by hammering the iron into shape, 
wrought-iron will evidently be used. 

Cast-iron is, on the other hand, brittle and easily melted, 
and consequently is employed in all cases where the article is 
made by running the molten metal into moulds. 

Steel has different properties according to the processes 
through which it has passed. If it has been heated and then 
cooled very quickly, it is extremely hard but very brittle ; but if 
cautiously heated and cooled very much more slowly, it is no 
longer brittle but elastic. This latter process is called temper- 
ing. Another very important property which steel possesses is 
that it can be made into a magnet, which will keep its magnet- 
ism for a very long time. All the magnetic needles used in 
telegraphing and in electrical instruments of other kinds are 
made of steel. 

' The densities of different kinds of iron are seen from the 
following table : — 

Steel, not hammered 7.82 

Iron, bar . . 779 

Iron, cast 7'2i 

Oxides of Iron. — Iron combines with oxygen in several 
proportions. The following table shows the percentage pro- 
portions of the masses of iron and oxygen present in each 
case : — 

Iron Monoxide or Ferrous Oxide 56 of Iron with 16 of Oxygen. 

Iron Sesqui -oxide or Ferric Oxide 112 ' „ 48 „ , 

Black Iron Oxide or Tri-ferric 

Tetroxide ...... 168 „ 64 „ 

The first of these does not occur in nature as a mineral. It 
combines with acids forming the series of salts known to chemist^ 
2iS ferrous salts, one of which, ferrous sulphate, is known natu- 
rally as the mineral copperas. 

The second, ferric oxide, is fairly abundant in nature. It 
constitutes the beautifully crystallised mineral specular iron ore. 
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found in Elba. It also makes up the mineral haeniatite, which 
goes under the names of kidney ore and pencil ore in the Furness 
district of Lancashire, according to the shapes which it assumes. 
It serves as a very valuable source of iron, the noted Barrow 
steel being derived from it It is also found in many other 
parts of Great Britain and other countries. 

The black oxide may be regarded as being formed by the 
combination of the other two. It constitutes the minerals mag- 
netite and lodestone. It is very often magnetic, though by no 
means always. It was the magnetic properties of this substance 
which first made the force of magnetism known to man. 

Mercury 

EXPERIMENTAL WORK. 

220. (fl) Determine the' relative density of mercury by means of a 
density bottle as described on p. 56. 

{b) Using the apparatus employed in the experiments described on 
p. 56 show that a column of mercury one inch high balances a column 
of water between 13 and 14 inches high. The relative density of 
mercury is consequently between 13 and 14. 

{c) Satisfy yourself by trial that (i) an iron key floats on mercury 
(ii) mercury does not wet glass (iii) mercury adheres to clean zinc or 
copper forming what is called an amalgam. 

\d) Boil a little mercury in a test-tube and show that it is volatile. 
Some of the mercury condenses in tiny drops on the cool parts of the 
tube. Take care not to breathe any of the vapour. 

((f) If necessary, repeat the experiment of heating red oxide of 
mercury (p. 262). 

Mercury. — Mercury or quicksilver is the only metal which 
is liquid at ordinary temperatures. Its appearance is familiar to 
everyone from its frequent use in barometers and thermometers, 
it sometimes occurs pure in nature, or, as mineralogists say, 
native. Chiefly, however, it occurs in combination with sulphur 
as the mineral cinnabar^ which is found in Spain, Hungary, 
Tuscany, and South America. If it be cooled to a temperature 
of -40° C. it solidifies and is then malleable. It is the heaviest 
liquid known, being 1 3 J times as heavy as water. 

If it be heated to a temperature of 315° C. and air be passed 
over it, it combines with oxygen, forming the red oxide of 
mercury used in Expt. 177 to prepare oxygen. It boils at 
357*25° C, and is converted into a transparent, colourless 

Ex. Sc— L ~x ' 
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vapour, which is very poisonous. It dissolves many metals, 
e,g,^ zinc and copper, forming alloys known as amalgams. 

Not only is it used in barometers and thermometers, but also 
in the manufacture of looking-glasses and in the laboratory 
instead of water over which to collect some of the gases which 
are soluble in water. 

Silica 

EXPERIMENTAL WORK. 

221. [a) Examine specimens of quartz, flint, siliceous sand, and as 
many other of the varieties of silica described in the text as you can 
obtain. Write down all you can about them in your note-book. 

{b) Examine and powder some ** soluble glass." Test its solubility 
in water. Try the action of strong acids upon it and carefully note the 
properties of the gelatinous silica so formed. 

Grystallixie Silica. — Silica is a binary compound of the 
elements silicon and oxygen. It is found in large quantities as 
more or less pure silica, as well as abundantly in combination as 
silicates, which are salts formed by the union of bases with 
silica, which acts as an acid. It is sometimes crystalline, at 
others amorphous. Two crystalline varieties are known, one, 
tridymite^ is unimportant, while the other, quartz^ is a frequently- 
occurring and highly-interesting mineral. If the quartz is quite 
clear and transparent, it is known as rock-crystal^ and is the 
Brazilian pebble from which lenses are made for eye-glasses, 
&c. Sometimes the oxide of a heavy metal is present, colour- 
ing the quartz. If it has a purple tint, for example, it goes by 
the name of amethyst ; if brown, cairngorm ; if yellow, citrine. 

Many sands are made up entirely of grains of quartz which 
have become more or less rounded by continual rubbing against 
one another in water. If the sand becomes compacted by the 
introduction of a cement and by the action of great pressure a 
sandstone is formed. 

Amorphous Silica.— This is found in the form of (i) 
chalcedony and its varieties, (2) jasper and its varieties, (3) opal. 

Chalcedony is known having all sorts of tints. . It is often 
regarded as a mixture of quartz and opal ; it is familiar as the 
well-known red stone used in signet-rings and called camelian. 
Heliotrope is a green variety speckled with red. Agate is a 
variegated chalcedony, composed of different coloured bands. 
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Flint is generally of a black or dark gray colour, and is found 
in nodules or bands in the chalk formations of Surrey, Kent, 
&c. Onyx^ sardonyx^ ckrysoprase, are other forms. 

Jasper is an opaque, impure form of silica, of a red, brown, or 
yellow colour. Egyptian or ribbon jasper is a beautifully banded 
variety with different shades of colour. 

Opal. — This species of naturally occurring silica always con- 
tains water in varying amounts. It is supposed to contain 
some quartz as well as amorphous silica. It is often used in 
jewellery ; one variety shows a well-developed iridescence, and 
is C2Mtd precious opaL 

Common Salt 

EXPERIMENTAL WORK. 

222. (fl) Make a solution of common salt in water. Evaporate some 
of the solution by gently heating it^ and when the basin is dry examine a 
little of the residue. Careful inspection will discover small cubes, the 
shape of some of which can be recognised by the unaided eye. The 
cubical shape of the others can be easily made out under a magnifying 
.glass. 

{b) Heat some of the dry powder in a test-tube. Notice the crack- 
ling and the absence of water on the side of the tube. 

Crystals of Common Salt. — Salt crystallises in six-sided 
solids or cubes (Fig. 223). When the crystallisation is brought 



Fig. 223. — A six-sided crystal of common salt. 
(From a photograph by Mr. H. £. Hadley.) 

about by evaporating a solution of salt, the crystals are very 
small. Some natural crystals, known as rock-salt, are however 

X 2 
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of quite a large size. There is no water of crystallisation in 
crystals of common salt, and when they are heated no steam is 
given off. The crackling which is noticed when crystals of salt 
are heated in a tube is spoken of as decrepitation, and is due 
to the breaking-up of the crystal into fragments. 

Sodixun Chloride or Common Salt is found in beds of 
different thickness in the earth, under the name of rock-salt. 
The largest amount is found in the salt-mines of Austria. In 
this country rock-salt is obtained most abundantly from 
Cheshire. It is present in large quantities in sea- water mixed 
with other compounds. It is soluble in water, though one 
part of sodium chloride by volume requires two and a half 
parts of water to dissolve it, and, as is but rarely the case, 
warm water will dissolve no more than cold water. It is used 
largely to prevent decomposition of meats of all kinds. 
Enormous quantities are consumed in this country in the manu- 
facture of sodium carbonate. The first stage of this process 
consists in acting upon the common salt with sulphuric acid, 
when two new compounds are formed. The first of these is a 
gas, hydrochloric acid gas, which when dissolved in water forms 
the "hydrochloric acid" used in the preparation of carbon 
dioxide (p. 297)* The second is a white soHd, sodium sulphate, 
known in commerce as " salt-cake." 

Alkalies 

EXPERIMENTAL WORK. 

223 (fl). — Place a ?inall piece of potassium' on water, and afterwards 
evaporate the liquid to dryness. Examine the solid produced, and 
compare it with caustic soda. 

{b) Make solutions of caustic potash and caustic soda, and neutralise 
both by (i) sulphuric acid, (ii) nitric acid, (iii) hydrochloric acid. Care- 
fully add dilute acid, drop by drop, until the solution will neither turn 
a blue litmus paper red nor a red one blue, /.(?., until it is neither acid 
nor alkaline. Evaporate the solutions so obtained and allow them to 
crystallise. 

(c) Place a small piece of sodium in an evaporating dish containing 
water. An alkaline solution of sodium hydrate or caustic soda, which 
will consequently turn red litmus blue, is thus produced. Add hydro- 
chloric acid until the solution has no effect on litmus paper. Then 
evaporate the solution to dryness and examine the crystals left ; they 
will be found to be crystals of common salt. If caustic soda is 
dissolved in water and the solution is treated with hydrochloric acid in 
■^he same way, common salt is formed. 
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Acids, BcLses, and Salts.— A sufficient number of 
elements and compounds has now been studied to make the 
student able to understand the meaning of these terms. 

The name acid is given to those substances which have a 
sour taste, turn blue litmus-paper red, and cause carbon dioxide 
to be given off when added to a carbonate. They always con- 
tain hydrogen, which they give up when acted upon by another 
set of compounds, the bases. An exchange is effected. The 
base always contains a metal, and this metal takes the place, of 
the hydrogen of the acid, changing the acid into a salt and the 
base into water. 

An acted A " ^ „ A ^ , wr^^^r^ 

. t_ T> forms - and Water. 

Acid upon by Base Salt 

Or, to apply this general fact in a particular case, 

Hydrochloric uniting Caustic ^^^^ Common ^^^ ^^^^^^ 
Acid with Soda Salt 

The bases have properties which are the reverse of those 
possessed by the acids. When the two come in contact, they 
neutralise one another, and the compound which results is a 
neutral one — it has no action upon litmus-paper. If the base 
is soluble in water, it is called an alkali. The alkalies have a 
soapy taste or feel, turn red litmus blue, and combine with 
carbon dioxide to form carbonates. 



Chief Points of Chapter XX 

Iron. — Occurrence : almost entirely in combination with other ele- 
ments, as in magnetic iron ore (black oxide of iron), haematite (re(^ 
oxide of iron), clay ironstone (carbonate of iron), and iron pyrites 
(bi-sulphide of iron). Unites with oxygen in moist air, to form iron- 
rust. When heated, will bum in oxygen and form black oxide of iron. 
Also, when heated, will unite with the oxygen of steam to form black 
oxide of iron, and leave the hydrogen. 

Three Kinds of Iron. — (i) Wrought-iron, which is almost pure 
iron, is very tough and malleable. (2) Cast-iron contains carbon 
and silicon, and is very brittle and easily melted. (3) Steel contains 
the same elements as cast-iron, but the amount of carbon per cent, is 
less. It has different properties, according to the processes through 
which it has passed. 

Meronry. — Occurrence : sometimes in the liquid form, but more 
commonly as Cinnabar — a compound with sulphur. Heaviest liquid 
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known. With the exception of bromine is the only element liquid at 
ordinary temperatures. When heated, unites with oxygen to.form mer- 
curic oxide. Dissolves many metals to form amalgams. 

Silica. — Compound of silicon and oxygen. The most abundant 
binary compound in the earth's crust. Occurs in crystals as quartz and 
tridymite, and amorphous as chalcedony, jaspNcr, and opal. Prepared 
artifically, is a white, gritty powder, insoluble in water or acids. 

GommoiL Sa^. — A' binary compound of sodium and chlorine, and is 
the principal source of both these elements. Occurs as rock salt, also 
in brine springs, salt-lakes, and sea- water. Sometimes found in large 
colourless crystals of the shape of cubes. 



Questions on Chapter XX 

1. Silver, sand, and salt are stirred up in a bottle containing water, 
in which carbon dioxide is dissolved. What methods would you use to 
recover the sand, salt, and carbon dioxide from the water ? 

How would you prove that the gas obtained from the water was 
carbon dioxide and not nitrogen ? 

2. Sulphuric acid and common salt are heated in a flask. 
What substances will be produced ? 

How would you arrange for the experiment ? 

3. Name the elements of which water, common salt, and lime are 
composed, and state what you know about the elements in question. 

4. (a) What is the most abundant oxide in the earth's crust, and of 
what dCments is it composed ? 

{dj State what you know about the properties of this oxide. 
(c) Name the crystalline form of this oxide. 

(a) Name three rocks in which this oxide is found in its crystalline 
form. 

5. What experimer^ would you perform before a class to demon- 
strate the chief properties of mercury ? Name some uses of this element. 

6. Enumerate the chief kinds of iron. State the chief properties of 
each, and give some useful application of each characteristic you name. 

7. Explain carefully the meaning of the terms (a) alkaline substance, 
(3) acid substance. What happens exactly when a dilute solution of 
sulphuric acid is gradually added to one of sodium hydrate ? 

8. What chemical action takes place when a small piece of metallic 
sodium is thrown into water ? 

How would you test whether the solution left is acid or alkaline, and 
how would you prepare from it some common salt in the crystalline 
state? 
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CHAPTER XXI 

TERRESTRIAL MAGNETISM. 

Natural and Artificial Magnets 

EXPERIMENTAL WORK. 

224. Lodestone is a Natural Magnet, — Examine a piece of lode- 
stone. Dip it into iron filings. Observe that the filings adhere in 
tufts to certain parts of the lodestone. 

225. Directive Character. — Take a second piece of lodestone which 
has been roughly shaped so that the places where the filings adhered 



Fig. 224.— Iron filings attracted by a lodestone. 

are now situated near its ends. Support the piece of lodestone 
in a stirrup as shown in Fig. 224, and prove that even if at first 



311 



gitized by Google 



312 



EXPERIMENTAL SCIENCE 



arranged in any other way, the piece of lodestone, after swinging about 
for some time, eventually comes to rest along a certain line^ and one end 
of the lodestone^ which you can fnark with chalky always points tn the 
same direction, 

226. Action between two Lodestones. — Leave the piece of lodestone of 
the last exercise suspended in its position of rest. Bring up the first 
piece of lodestone towards it in such a manner that one of the places 
where the filings adhered points at the end of the suspended piece. 
Observe what happens. Now point it at the other end of the 
suspended lodestone and again observe the result. 

In one case attraction takes place, while in the other retulsion 



227. To make a Magnet. — Take a good sized sewing needle and fix 
it on the table with a little soft wax. Using the piece of lodestone 
from the stirrup in the last experiment, and beginning at the point 
of the needle,^ rub the end of the lodestone along the length of the 
needle, and when you get to the eye, raise the lodestone and bring 
it again on to the point of the needle and repeat the stroking process. 
Do this 10 or 12 times. 

228. Properties of a Magnet.— "Examine the needle. It will now 
attract iron flings at its ends. Support it in a tiny stirrup (Fig. 225), 



A 



Q_ 



Fig. 225.— Magnets supported in stirrups. 

and see that it arranges itself as the shaped piece of lodestone did. Also 
notice that while the point is either attracted or repelled by the end 
of the shaped lodestone, the eye is repelled or attracted, that is behaves 
in an exactly opposite manner. 

The needle has been made into a magnet, or has become magne- 
tised. Most filings are attracted at its ends, or, as we say,the poles cf 
the magnet are at its ends. . 
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229. Artificial Magnets. — Examine several forms of artificial mag- 
nets. Notice that some are in the shape of bars^ others in that of a 
horse-shoe. 

Treat the bar magnet in the same way as the shaped lodestone, 
thus : 

{a) Support in a stirrup (Fig. 226), and see that it arranges itself 
along the same line as the lodestone. 

{b) Dip both ends successively into iron filings. Notice and sketch 
the way in which the filings form a tuft. These ends are the poles. 
No filings adhere to the centre of the magnet. 

{c) Support the magnetised needle as in Fig. 226. Bring first one 
end of the bar magnet, and then the other, up to the ppint of the 



Fig. 226.— Iron filings attracted by a suspended magnet. 

needle. Notice and record the result. Repeat, using the eye of the 
needle. 

In every respect the arti^cial magnet has the same magnetic properties 
as the lodestone. 



Lodestone. — It has already been pointed out that lode- 
stone is a binary compound of iron and oxygen (p. 305) which 
occurs in the earth's crust. It is more commonly known as mag^- 
netite (p. 303). The name lodestone is reserved for those varieties 
which have magnetic properties ; the name itself means 
"leading-stone" and refers to its early use for navigating ships. 
This mineral is found in considerable quantities in Scandinavia, 
Asia Minor, United States, and other places. Its appearance 
has already been referred to. 
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Artificial Magnets. — The experiments already described 
teach several important facts. Lodestone is naturally able to 
attract iron-filings. It naturally arranges itself in a particular 
way when allowed to hang freely. It can impart these pro- 
perties to pieces of steel, converting them into artificial magnets. 
These, in their turn, can make other pieces of steel into 
artificial magnets. All artificial magnets arrange themselves in 
the same way when freely suspended. 



Primary Laws of Magnetism 

EXPERIMENTAL WORK. 

230. Magnetic Attrctction and Repulsion, — {a) Substituting the bar 
magnet for the shaped lodestone, magnetise another needle as in 
Experiment 227. 

(b) Support the two magnetised needles, which you now have, each 
in a little stirrup. Allow them to swing freely and come to rest. On 
the ends of the two needles which point in the same direction stick a 
piece of paper, or mark them in some other convenient way. 

{c) Leave one needle in its stirrup and take the other out. Holding 
the needle in your hand, bring the marked end up to the marked end 
of the suspended needle. Notice repulsion. Bring the unmarked end 
of the needle in your hand up to the unmarked end of the suspended 
needle. Again notice repulsion. 

{d) Now bring the unmarked end of one against the marked end of 
the other. Notice attraction. 

{e) Substitute a soft-iron nail for the needle in your hand in the last 
experiment. Notice that when either end of the nail is brought up to the 
marked or unmarked end of the suspended magnetised needle attrac- 
tion ensues. 

Since unmagnetised iron will attract both poles of a magnetic needle, 
we are led to an important conclusion, viz. that repulsion is the only 
sure test of permanent magnetisation, 

231. Action between Poles of Magnet and Compass Needle. — (a) Pro- 
cure an ordinary compass needle, which is simply a light magnetic 
needle suspended as in Fig. 227, so that it can move easily in a 
horizontal plane. Notice that one end, which is marked, always points 
towards the north, and is called the north-seeking end. Bring up 
towards this marked end of the compass needle that end of a bar- 
magnet which points to the north, when it is freely suspended in a 
stirrup, and which is marked with an N. Notice that they repel one 
another. Repeat the experiment using the immarked, or south-seeking, 
end of the needle and bar-magnet. Observe they similarly repfl one 
another. 
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(d) Repeat the last experiment, only make the unmarked end of 
the bar-magnet approach the marked end of the seedle. Observe that 




Fig. 227. — Magnetic Attraction. 



they rush together or aiiract one another. Similarly, notice that unlike 
poles in all circumstances attract one another (Fig. 227. ) 

232. Place a bar-magnet upon the table. Arrange a compass needle 
upon it so that its point of suspension is on the neutral line of the 
magnet. Set the compass needle swinging and then allow it to come 
to rest. Observe that the needle arranges itself, with its marked end 
pointing towards the unmarked end of the magnet. The reverse is true 
of the other pole of the needle. 

We say the magnet exerts a directive force upon the needle. Put 
the needle in other positions on the magnet and notice the same feict. 

233. Result of Breaking a Magnet. — {a) Magnetise a piece of clock- 
spring. Find which end is repelled by the marked end of a sus- 
pended magnetic needle, and stick a piece of paper on this end. 



££= 



Fig. 228.— Effect of breaking a magnet. 

Convince yourself that the other end of the piece of hardened spring is 
attracted by the marked end of the suspended needle. Observe, too, 
that the middle of the piece of spring has no effect on the needle. 
(b) Break the piece of spring into ^ves, and examine each piece by 
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bringing the ends of the pieces in turn up to the suspended ne6dle. 
What was, before breaking, the middle part of the piece of spring is 
now found to affect the needle and to attract the iron filings. Each 
piece has thus become a perfect magnet. 

{c) By means of the suspended magnetised needle satisfy yourself that 
the other end of the half, which is marked, is attracted by the marked 
end of the needle, and that the other end of the half, which is un- 
marked, repels the marked end of the needle. 

(d) Break one half into two equal parts. Show in the way used in the 
last experiment that each part is a perfect magnet. Also find how the 
poles are arranged. Record your results, and compare them with 
Fig. 228. 

{e) Very nearly fill a small narrow test-tube with s/eel (not iron) 
filings, and close the tube with a well-fitting cork. By the method 



Fig. 229. — Lines of force of a single bar magnet. 

already learnt, and using a large, strong magnet, magnetise the tube 
and its contents as if it were a bar of iron. Satisfy yourself that you 
have magnetised it, by observing its action on a magnetic needle. Now 
shake the filings out of the tube on to a sheet of paper ; toss them about, 
and then replace them in the tube, and again test its magnetic condition 
with a magnetic needle. The tube and its contents no longer behave as 
a magnet. 

234. Lines 0/ Force.— Fl&ce a bar magnet on the table, and over it 
place a thin sheet of cardboard. Sprinkle fine iron filings on to the 
card, either from a fine pepper castor or from a fine muslin bag. 
Gently tap the sheet of cardboard, when the filings will be Seen to 
arrange themselves along definite lines, which are called Lines of 
Fprce\^\!g. 229), , , 



gitized by Google 



XXI TERRESTRIAL MAGNETISM 317 

{d) Substitute a sheet of glass for the cardboard, and repeat the 
experiment. Make in your note-book a sketch of the figure ob- 
tained. . 

{c) Similarly olDtain the lines of force for a horse-shoe magnet, and for 
the following combinations. 

(i> Two bar magnets in the same straight line, with opposite poles an 
inch apart. 



Fig. 230. — Lines of force of two bar magnets with like poles adjacent. 

(ii) Same arrangement, only similar poles, an inch apart. 

(iii) Two bar magnets arranged parallel with similar poles near one 
another (Fig. 230). 

(iv) Two bar magnets arranged parallel with opposite poles near one 
another (Fig. 231). 

(v) One pole of a ba.r magnet held vertically under the piece of card- 
board. 

Ejcperiments like those just described teach the rule referred 
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to as the First Law of Magnetic Attraction and Repulsion^ 
which can be stated thus : — 

Like magnetic poles repel one another. 
Unlike magnetic poles attract one another. 

It must, however, be noticed here that, although repulsion 
is sufficient proof that two like poles are acting upon one 



Fig. 231. — Lines of force of two bar magnets with unlike poles adjacent. 

another, attraction is not necessarily due to the mutual action 
of two unlike poles, since as has been seen in Exp. 230 
{e\ magnets can attract unmagnetised iron which has no poles 
at all. 

Why a Magnetic needle points to the North.— A 
compass needle always arranges itself with its marked or N 
end towards the magnetic north, because the earth acts like a 
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bar-magnet. The line in which the needle arranges itself is 
called the magnetic meridian, A certain part of the earth in 
the northern hemisphere acts like the unmarked or south- 
seeking end of the magnet, and attracts the marked end of the 
needle. The place where this attractive force is greatest is calle4 
the north magnetic pole, and though at first it seems con- 
tradictory, there must evidently be the south- seeking kind of 
magnetism at the north magnetic pole. The student must avoid 
the common error of believing that the south pole of a magnet 
points towards the north. The north pole of a magnet points 
towards the north ; and the question as to the kind of mag- 
netism at the earth's magnetic poles does not affect the names 
given to the poles of a compass or magnet. 

Liines of Force. — ^When a bar magnet is covered with a 
sheet of card or glass, and iron filings are sprinkled on the card, 
if the card is tapped the filings arrange themselves along definite 
lines. The filings chiefly collect round the ends, which contain 
the poles of the magnet. The poles are placed near the ends of 
the bar-magnet, where the magnetic power is most strongly 
shown. A line joining the poles is called the magnetic cu^is. A 
line at right angles to the axis and midway between the poles is 
known as the neutral line or magnetic equator. It has been 
seen that there are no filings along this line, where the opposite 
magnetic properties appear to neutralise one another. 

When two magnets are placed near one another the lines of 
force due to them can be shown by means of iron filings, the 
curves in which the filings arrange themselves indicate the 
direction of the magnetic force. 

Magnetic Declination 

EXPERIMENTAL WORK. 

235. Magnetic Meridian, — {a) Remove all magnets, also any masses 
of iron, to a distance. Support a bar magnet in a stirrup, and see that 
it swings freely (Fig. 225). Allow it to come to rest and then draw a 
chalk line on the table, marking the line along which the magnet 
arranges itself. One way of doing this is to make marks on the table 
immediately below the middle points of both ends of the magnet by the 
help of a plumb line, and then to join the marks by means of a straight 
edge. Or, you may draw a line accurately parallel to one of the long 
sides of the magnet. But the best plan is to fix two needles vertically 
at the ends of the magnet as in Fig. 232, and draw a line between 
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them. Then turn the magnet over, so that the top becomes the bottom, 
and draw another line. The mean position between the two lines thus 
drawn is the magnetic meridian. . j • v 

(d) Freely support each of the magnets you have m order, viz. the 
shaped lodestone, the magnetised needles, and the horse-shoe magiiet 
above this line. The horse-shoe magnet is best supported vertically 




Frc. 232. — Determination of magnetic meridian. 

by a thread. Notice that on coming to rest they all arrange them- 
selves along it. 

The line along which a freely suspended magnet arranges itself is 
known as the magnetic meridian, and it can be at once roughly traced 
for any place by the simple experiments you have performed. 

236. How to find the Geographical Meridian, — Allow a freely- 
suspended compass needle to come to rest. Draw a line on the table 
marking out the direction of the needle. Through the point under the 
spot where the needle is supported draw a line inclined to the magnetic 
meridian you have just drawn at an angle equal to the magnetic 
declination of the place, which is marked on Fig. 240. The line 
thus obtained is the geographical meridian. 

Declination, or Variation.— The magnetic poles of the 
earth do not coincide with its geographical poles (Fig. 233). 
You will see, as the chapter proceeds, how the former are 
located. Great circles round the earth, which pass through 
the geographical poles, are known as the meridians of longi- 
tude ; and a line drawn in a true north and south direction at 
any place is the meridian of that place. Similarly, the direction 
in which a compass needle arranges itself at any place may be 
called the fnagnetic meridian of that place. Only in a few 
parts of the earth does a magnetic north and south line lie 
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in exactly the same direction as true north and south ; usually 
the geographical and magnetic meridians intersect one another at 




Fig. 233. — Magnetic and geographical 
meridians and poles. 



Fig. 234. — Magnetic declination. 



an angle which varies in amount from place to place on the 
earth's surface. The angle between the geographical and mag- 
netic meridians of any place is called the declination or varia- 
tion of that place {Y'\%. 233). Its value for any year at various 
places is recorded in the Nautical Almanac and other publi- 
cations. At Greenwich Observatory in 1904 the declination 
was 16° 19'. Having a compass needle and knowing the angle of 
declination it is easy to determine the geographical meridian 
through a place. The direction in which the compass sets 
itself is found, and then allowance is made east or west of this 
according to the declination of the place of observation. 

Dip. 

EXPERIMENTAL WORK. 

237. Magnetic Dip. — Take a knitting needle and support it by a fibre 
or two of unspun silk, attached by soft wax, so that, it arranges itself 
horizontally. Now, holding it carefully so as not to break the silk, 

Ex. Sc— I. Y 
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magnetise it by the method of single touch. Allow it to again hang 
freely. It is no longer horizontal. One end dips down. By means 
of a compass needle ascertain which pole is dipping, and record your 
result. , 

238. The Dipping Needle. — A needle which is free to move on a 
vertical plane, but fixed as regards movement in a horizontal plane, 
is called a dipping needle. Either use the dipping needle provided, 
or make a simple form yourself This may be done as follows : — 

Select an unmagnetised knitting-needle about 6 ins. long. Construct 
an axle for the needle in the following manner : — Hold two short pieces 



Fig. 235.— Method of supporting Fig. 236.— Simple form of dipping needlft, 

a simple dipping needle. due to Mr. H. E. Hadley. 

of copper wire on opposite sides of and at right angles to the length of 
the needle. Twist the ends of the wires together on each side so as 
to grip the needle tightly, and carefully straighten the twists. Make 
the wire surfaces as smooth as possible by heat' ng in a gas- flame and 
applying sealing-wax, shaking off the excess of wax while still fluid 
(Fig. 235). Apply a spot of sealing-wax so as to rigidly connect the 
axle to the needle. Make a support for the needle by cutting two 
rectangular pieces of sheet brass or copper (3 ins. x \ in.), rigidly con- 
nect them ti3gether at the base with their short edges horizontal and \ in. 
apart, and fix them to a suitable base-board. Attach a circular scale 
of 90° to one of the supports (Fig. 236). See whether the needle 
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is truly balanced by supporting it by its axle on the knife edges ; if 
necessary, adjust the position of the axle by slightly warming the sealing 
wax joint ana moving the axle along the needle. Carefully magnetise 
the needle. Place it on the knife-edges with its axle coinciding with 
the centre of the circular scale. 



239. Determination of the Angle of Dip. — {a) To make an accurate 
measurement of this angle you must be sure of one or two things. The 
needle must move in the plane of the magnetic meridian. One plan to 
ensure this is as follows : Carefully draw the magnetic meridian by 
Expt. 235 {a) and then arrange the needle parallel to this line. By 
this means, when the needle moves it is always in the plane of the 
meridian. 

{b) A better >yay, and the plan generally adopted, is first to rotate 
the needle until it stands quite vertical. Then turn the plane in 
which the needle is free to move through exactly 90**, thus making this 
plane to coincide exactly with the magnetic meridian, and observe the 
angle by which one end of the needle dips below the horizontal position. 



240. Explanation of Angle of Dip. — Magnetise a sewing needle as in 
Expt. 227. Suspend it by a thread so that it hangs quite horizontally. 
Bring it over the neutral 
line of a bar-magnet and 
notice that it remains hori- 
zontal. Gradually move it 
towards the north-seeking 
end of the magnet. Ob- 
serve that as the pole of 
the magnet is approached 
the south -seeking end of 
the needle becomes inclined Fig. 237.— Experiment to illustrate the cause 
at larger and larger angles of magnetic dip. 

to the bar-magnet, until 

when it is over the end it is vertical. The angle which the needle 
makes with the bar-magnet corresponds to the angle of dip of a 
dipping needle. 

A Dipping Needle.— Is simply a magnetic needle sus- 
pended in such a manner that it is free to move in a vertical plane 
in a manner similar to that in which the magnetised knitting 
needle moves in the Experiment 237 {a). Fig. 238 will make 
the principle of its construction clear. 

A good form of this instrument is shown in Fig. 239. A 
magnetic needle, supported in a horizontal plane, is free to move 
vertically round a graduated circle. This circle is attached to 

Y 2 
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a framework, which is carefully centered and so arranged that 
it can rotate about a vertical axis which passes through the 
centre of suspension of the needle. The centre of suspension 
should moreover be at the centre of gravity of the needle. 

When measuring the angle of dip at a place with such an 
instrument, the framework is slowly rotated until the needle 
stands vertical. When this condition of things obtains the 
plane of the needle is at right angles to the magnetic meridian. 




Fig. 238.— Angle of dip at 
Greenwich. 



Fig. 239.— Student's dipping needle. 



The framework is consequently rotated through 90 degrees 
in order to bring it into the plane of the magnetic meridian, and 
the angle which the needle makes with the horizon in this latter 
position is an exact measure of the angle of dip at the place of 
observation. There are several important adjustments to 
obviate any error in the suspension of the needle which the 
mterested student will find explained in books on Magnetism. 

The ^tj> circles which are used for measuring inclination in 
such magnetic observatories as that of Kew are much more 
elaborate and delicate instruments, but the principles of their 
construction and action are identical. The value of the magnetic 
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declination and dip in different parts of the British Isles are 
shown in Fig. 240. 




Emery \C^aUcer sc* 



Fig. 240. — Magnetic Chart of the British Isles, showing the lines of equal declina- 
tion and those of equal magnetic dip. (From Elementary Lessons in Electricity 
and Magnetism^ by Prof. S. P. Thompson.) 

Behaviour of the Dipping Needle at diflferent Places 
on the Earth's Surface.— It is seen that the needle assumes 
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a horizontal position when above the neutral line, or magnetic 
equator of the magnet. When above the poles of the magnet 
the needle stands vertical, and in intermediate positions the 
needle is inclined at a greater and greater angle as the pole is 
approached. Moreover, over the north-seeking end of the bar 
magnet the south-seeking pole of the needle is below, whereas 
over the other end of the bar magnet the north-seeking pole of 
the needle is in the lowest position (Fig. 237). 

Precisely the same thing is observed in the case of the earth ; 
in some places the dipping needle adopts a horizontal position, 
and a line joining in all those stations where this is so marks out 
the magnetic equator of the earth. When the needle is moved 
away from this equator towards one of the magnetic poles of the 
earth, the dipping needle makes a larger and larger angle with the 
horizon, or, what is the same thing, the angle of dip increases, 
until eventually the needle stands vertical or the angle of dip is 
a maximum. When this is so we know that one of the magnetic 
poles of the earth has been reached. 

Position of the Earth's Magnetic Poles.— The mag- 
netic poles of the earth, which are located by the vertical position 
of the dipping needle in their immediate neighbourhood, do not 
coincide with the geographical poles. The north magnetic pole, 
at which there must be south-seeking magnetism, because the 
north-seeking pole of the dipping needle is the one which dips, 
is situated a thousand miles away from the north geographical 
pole at Boothia Felix in lat. 70° 5' N., and long. 96° 46' W. Its 
position was discovered by Sir James Ross in 1831. The south 
magnetic pole has not yet been reached ; but Ross found that 
the angle of dip in the position lat. 76° S. and long. 168° E., was 
88^37', and it has been calculated from his observations that the 
south magnetic pole is located about lat. 75j^S. and long. I54°E. 
There is, moreover, every reason to suppose that there are two 
south magnetic poles. 

The Earth as a Magnet.— The various phenomena, to 
which we have only been able to refer briefly, would all happen 
in precisely the same way if passing through the earth there were 
a huge bar-magnet arranged along a diameter with its south- 
seeking pole under the north magnetic pole. The position given 
by the dipping needle is exactly that which such a bar-magnet 
would make it take up. The neutral line of the bar-magnef 
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would be the position of the magnetic equator of the earth, 
and the magnetic poles of the earth would be over those of the 
magnet. Of course, we know very well that no such gigantic 
magnet" i^ hidden away in the earth's interior, but the illustra- 
tion aflfords a ready means of remembering the chief points 
which have been enumerated. 
The Mariner's Compass.— Expt. 235 {b) has shown that 



Fig. 241.— The Mariner's Compass. 

every suitably supported magnet arranges itself in the magnetic 
meridian, and it is on thi^ fact that the mariner's compass 
depends for its construction. In the actual instrument, a flat 
needle is suspended by means of an agate cap, placed at its 
centre of gravity. The cap works on a point in such a manner 
that the needle can move freely in a horizontal plane. On the 
top of the needle a card, divided as shown in Fig. 241, is fixed, 
care being taken that the centre of the needle is under the 
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centre of the card, and the north-seeking pole of the magnet 
under the division marked north on the card. . This north point 
is indicated in the figure by means of Xh^ fleur-de-lis. With this 
arrangement the direction of the magnetic north pole is always 
seen by looking at the fleur-de-lis. The dotted line indicates 
the direction of the middle line, from bow to stem, of the ship 
upon which the compass-card in the figure is supposed to be. 
When the man at the helm wishes the ship to travel in any 
particular direction, he turns the wheel until the required point 
of the compass comes under the arrow on the dotted line. 
In Fig. 241 the compass-card indicates that the ship, the 
medial line of which' is shown, is travelling in a N.N.E. 
direction. 



Chief Points of Chapter XXI 

Lodestone is a natural binary compound of iron and oxygen which 
possesses the property (i) of attracting iron and steel filings ; (2) of 
coming to rest in a magnetic north and south line when freely sus- 
pended or balanced. 

Artificial Magnets have the same properties as lodestone ; they can 
be made (i) by stroking a piece of steel in one direction with a lode- 
stone or with a magnet ; (2) by coiling a silk-covered wire around a 
piece of steel and passing a current of electricity through it. 

In every respect artificial magnets have the same magnetic properties 
as lodestone. 

The Primary Law of magnetic attraction and repulsion is, like poles 
repel one another ; unlike poles attract one another. 

When a magnet is broken each of the resulting parts is a magnet 
possessing both a north- and south -seeking pole. 

Magnetic Declination or Variation is the angle between a true 
north and south line (shown by a noonday shadow) and a magnetic 
north and south line (shown by a compass needle). It differs at different 
places. 

Magnetic Dip or Inclination is the angle which a magnetic needle 
turning about a horizontal axis makes with the horizon when the vertical 
plane in which it moves coincides with the magnetic meridian. 

A Dipping Needle simply consists of a magnet supported on a hori- 
zontal axle and free to move in a vertical plane. The needle must 
swing exactly in the magnetic meridian before the angle of dip at a 
place is measured. 

The Earth's Magnetic Poles are the points through which ma^etic 
meridians pass, and at which a dipping needle would set vertically. 
The north magnetic pole is in Boothia Felix, but the south magnetic 
pole has not been reached. 
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Questions on Chapter XXI 

1. A magnetic needle balances so that it is free to turn in any direc- 
tion, either upwards or sideways. How will it settle ? The experiment 
is performed m England. 

2. Suppose you are given a small compass and two knitting needles, 
of which one is slightly magnetised and the other unmagnetised. How 
will you find (i) which needle is which, and (2) which is the North 
seeking end of the magnetised needle ? 

3. A bar magnet is broken into four pieces. What magnetism do 
these pieces possess ? How can you prove the truth of your answer ? 

4. Two compasses are put near together on a table. In what 
positions may the needles be expected not to disturb one another ? How 
will the needles behave when one compass is put to the magnetic North 
West of the other ? 

5. A magnet is imbedded in a piece of wood. How can the position in 
which it lies be determined without breaking the wood ? 

How could you determine the magnetic north and south direction by 
means of such a hidden magnet ? 

6. Explain the meaning of the following : — 

(a) The mean declination at Greenwich in 1896 was 16** 56' "5 west. 

{d) The mean dip at Greenwich in 1896 was 67° 9'. State why it is 
necessary to specify the place and the year in which the observations 
were made. 

7. If you were provided with a small magnetic needle upon a pivot, 
and also with two bar magnets, how would you determine (a) which is 
the north pole of the needle ; {d) which is the north end of each of the 
magnets ; {c) whether the two magnets are of equal strength or not ? 

8. Describe how a ** dipping needle" may be used to determine the 
magnetic meridian at a place. 

What differences would be observed in the position in which a "dip- 
ping needle " comes to rest when free to turn in the magnetic meridian 
{a) at the earth's magnetic poles ; (d) at the magnetic equator ; (c) at a 
place in the British Isles ? 

9. What is the " dip " of a magnetic needle ? Why is it greatest at the 
magnetic poles ? 

10. Describe the mariner's compass and its chief "uses. 

1 1. Describe the behaviour of a magnetic needle mounted on a hori- 
zontal axis in the neighbourhood of London. State what would happen 
if it were carried — 

(a) Towards the equator. 
(d) Towards the north pole. 

12. Describe an experiment by which the laws of attraction and re- 
pulsion by magnets can be easily demonstrated. 
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MISCELLANEOUS QUESTIONS FROM 
EXAMINATION PAPERS 

A. General Properties of Matter. 

T. A rectangular cistern has to be constructed to hold 500 litres, and 
the area of the base of the cistern is to be 40 square decimetres. 
What must be the depth of the cistern in metres ? 

If the cistern is filled to a depth of 50 centimetres with a liquid of 
specific gravity i '5, what will be the weight of liquid in the cistern ? 

2. Seven posts alongside a railway are placed at equal distances of 
100 feet from each other, and a passenger in a passing train notices 
that he passes these posts at the following times, 2*0, 7*0, 11 '5, 15*5, 
I9'0, 22 '5, 26 'O seconds. Is the speed of the train uniform throughout? 
Calculate the speed, and if not uniform, the acceleration with which 
the train is moving. 

3. Two men have to carry a weight of 1 cwt. slung on a pole 12 feet 
long, each man supporting one end of the pole. If one of the men is 
twice as strong as the other, where must the weight be slung on the 
pole that each man may have to carry his fair share of the load ? 

4. Explain why it is that a mop can be dried by twirling it round. 
Describe some experiment which you would perform to illustrate the 
correctness of your explanation. 

5. Describe an experiment to show that when water is converted into 
steam there is no loss of weight. 

6. How do you explain the fact that while a soap-bubble filled with 
air is attracted, a similar bubble filled with hydrogen is apparently 
repelled by the earth ? 

7. A boatman on one side of a i-iver wishes to reach a point directly 
opposite. Draw a diagram to show in what direction he must row. 
Will the distance he rows be the same as it would be if there were no 
current ? 

8. Show how the principle of the lever is illustrated by (i) a crowbar, 
^2) a pair of scissors, (3) a pair of tongs. 

9. What is meant by a unit of length ? What is the unit of length 
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in the metric system, and how is it subdivided ? How many centi- 
metres are there in a foot ? 

10. What is meant by the specific gravity of a body ? 

A lump of iron weighs in air 10 kilograms, and is known to contain 
a cavity filled with air. When weighed in water its apparent weight 
is 8*46 kilograms. If the specific gravity of iron is 7, what is the 
volume of the cavity in the iron ? 

1 1. What is meant by the resultant of two forces ? 

Draw a digram to scale showing the resultant of two forces acting 
at a point, one of them being a force of 4 kilos acting from north to 
south, and the other a force of i kilo acting from south-east to north- 
west. 

12. What is meant by energy ? 

What experiments would you make to prove that a moving body 
possesses energy owing to its motion ? 

13. What is the connection between the units of length and mass in 
the metric system ? 

Give the approximate equivalents in ordinary English units of 35 
centimetreis, 3 kilometres, 5 kilograms, 4 litres. 

14. Explain the term specific gravity. What is the law of Archi- 
medes? If the stopper of a bottle weighs 15-5 gr. in air, 9*3 gr. in 
water, and 10 'i gr. m turpentine, what are the specific gravities of 
glass and turpentine ? 

15. A pendulum consists of a bullet attached to a fine string. When 
the bullet is drawn on one side and let go, why does not the bullet stop 
when the string reaches the vertical position ? What forces act upon 
the bullet at the beginning, middle, and end of its swing ? 

16. In the last question, what changes, if any, in the energy of the 
bullet take place during a complete swing of the pendulum ? 

17. A simple pendulum consisting of a metal ball attached to a fine 
string is in vibration. What will be the motion of the ball if the string 
is cut (i) at the beginning or end of a swing, (2) in the middle of a 
swing ? 

18. What do you understand by the parallelogram of forces? Show 
how it is illustrated in the case in which three dogs are pulling at a 
bone in different directions with such forces that the bone does not 
move. 

19. A cube of glass, 4 cm. along each edge, when fastened to a string 
and weighed in water weighs 96 grams. What is the specific gravity 
of the glass ? 

20. What properties have gases, liquids, and solids in common? 
Mention some properties (say three) in which a liquid differs from a 
solid. 

21. What is the unit of volume in (a) the metric system and (6) the 
British system of units ? 

Is there in either case any simple relation between the unit of volume 
and the units of mass or length ? If so, explain these relations and 
describe any advantages which such relations give. 

22. The volume of a submarine boat is 45 cubic metres, and the 
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weight of the hull and its contents is 4,150 kilograms. What volume 
of water will have to be taken into the boat so that it may just be able 
to sink ? 

23. Explain how the unit of time, the hour, is derived. 

What will be the longitude of a place such that noon occurs there six 
hours after noon at Greenwich ? 

24. Explain why it is that if a bucket containing water is slowly 
turned over the water escapes, but if the bucket is whirled round quickly 
no water escapes. 

25. An iron bar is bent into the shape of a capital L. It is sus- 
pended by a thread fastened to one end of the bar. Draw a dia- 
gram to show the position in which the bar will hang, and give 
any explanation you think necessary. 

26. An egg sinks to the bottom of a vessel of fresh water. Salt 
is gradually added to the water. What results may be observed ? 
How do you account for these results ? 

27. A boy standing in a moving cart throws a stone. In which 
direction can he throw farthest? In which direction least far? 
How must he aim if he wishes to hit a post which the cart is 
passing ? Give any explanation you think necessary. 

28. Draw a sketch of any barometer you have seen. Why do we 
use mercury in the instrument? What objections would attach 
to the use of water ? 

29. A wooden penholder is eight inches long and tapers off at one 
end. It can be balanced upon the back of a knife if the knife is 
placed at a distance of three inches from the thick end. When a 
weight of 2 grams is fastened to its thin end, the penholder 
balances if the knife-edge is placed under its middle point. What 
is the weight of the penholder? Explain how you obtain your 
answer. 



B. Heat and Light. 

1. When the stopper sticks in a glass bottle it can often be loosened 
by rapidly warming the neck of the bottle. Why is this ? Why is it 
that if the neck of the bottle be warmed very slowly the stopper is not 
loosened, while, on the other hand, if the warming is too rapid the 
bottle breaks ? 

2. Describe two experiments to illustrate the change in volume 
which occurs when water freezes. What influence has this change 
in volume on the freezing of ponds and lakes in temperate regions? 

3. What are the laws of reflection ? If you were given a piece of 
cardboard on which are ruled two straight lines which meet at a point, 
a small mirror which can stand with its reflecting surface at right angles 
to the cardboard, some pins and a ruler, explain how, by means of this 
apparatus, you could draw a line to bisect the angle between the two 
given lines on the card. 

4. The only light in a room is supplied by a Bunsen flame in which 
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is suspended a small 'bead of common salt, and pieces of card painted 
with the following colours, black, red, yellow, green, blue, white, 
and grey respectively, are held near the light. Describe and explain 
the appearance of the different cards. 

5. When the attempt is made to boil eggs at the top of a high 
mountain it is found that if the eggs are immersed in boiling water for 
the same time as is required to cook them at the sea-level, they are not 
equally cooked. Explain carefully the reason for this failure, and 
suggest some method by which the difficulty might be overcome. 

6. How would you prove that air is heated when compressed, and 
cooled when expanded ? 

7. A clock with a metal pendulum keeps good time in the winter, but 
loses time in the summer. How do you explain this ? 

8. The temperature of the air in a room which had been shut up for 
some time was found to fall when warm water was sprinkled on the 
floor. How would you explain this observation ? 

9. How would you construct a pinhole camera ? Give a diagram of 
the apparatus showing the nature and size of the image of a small 
object placed in front of it. 

10. A vertical bar of a window, when viewed through a prism with 
its edge vertical, appears red on one side and blue on the other. Ex- 
plain this. 

11. Two exactly similar copper vessels are each half filled with water. 
The water in one vessel has a temperature of 0° C. and that in the 
other a temperature of 100° C. Explain why it is that if the cold 
water is poured into the vessel containing the hot water the resulting 
temperature is above 50**, while if the hot water is poured into the cold, 
the resulting temperature is below 50°. 

12. What is meant by change of state ? 

Name an example of some substance which you know in two states, 
and give the conditions under which this substance can exist ( i ) in one 
of the states, (2) in the other, and (3) partly in one and partly in the 
other. 

13. What is meant by the refraction of light? 

DraXv very carefully a diagram showing the passage of a ray of light 
through a slab of^glass with parallel sides, the angle of incidence on the 
first surface being about 60°, i.e.^ rather greater than half a right angle. 

14. Explain, giving a diagram, what is meant by saying that the angle 
of reflection is equal to the angle of incidence. 

If you were given a knitting needle with a little soft wax at one end, 
how would you adjust the needle so as to be perpendicular to the sur- 
face of a mirror ? 

15. Three similar beakers containing equal weights of water, turpen- 
tine, and mercury, all at the same temperature, are placed at equal 
distances in front of a fire. Would you expect them to be all at the 
same temperature at the end of half an hour ? If not, why not ? 

16. A pound of ice-cold water is heated to 50° C. by the addition to 
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it of one pound of boiling water ; also it is found that less than an 
ounce and a half of steam, at the same temperature as the boiling water, 
is capable of heating the cold water to the same extent. How do you 
explain this ? 

17. If you look at a tall post through a small piece of thick plate- 
glass, the part of the ptist seen through the glass seems, in most 
positions of the glass, to be detached from the rest. How do you 
account for this ? 

18. Explain how you would hold a glass prism with its edge hori- 
zontal, so as to be able to see through it a horizontal window 
bar. How would the appearance of the window bar, so seen, be 
altered ? 

19. Given an empty thermometer, explain how you would fill it with 
mercury and determine on it the fixed points corresponding to 0° and 
100'' C. 

20. Distinguish between conduction and convection of heat, and state 
what experiments you would make to exhibit the* distinction. 

21. Show clearly how you would, by means of pins, trace out the 
course of a ray of light through a thick plate of glass. 

22. What is a spectrum ? Describe and explain the appearance of a 
strip of cardboard which has been painted bright red, when held so that 
the colours of the spectrum fall upon it. 

23. A wide flat dish containing water is heated over a lamp, and 
although after a time a considerable amount of steam rises the water 
never actually boils. On placing a cover, however, over the dish the 
water soon begins to boil. Why is this ? 

24. What is meant by convection? Apply your explanation to 
account for the fact that a chimney *' draws." 

25. Explain, illustrating your answer by a diagram, how you would 
trace the course of a ray of light through a thick plate of glass. 

26. Explain, giving a diagram, why a pebble seen at the bottom of a 
pond appears nearer the surface than it is really. In your diagram the 
directions in which the light rays are proceeding must be indicated. 

27. Water, alcohol, and mercury are heated from a temperature of 
1° Centigrade to a temperature of 20** Centigrade. How can you prove 
that these liquids expand at unequal rates ? 

28. The glass stopper of a glass bottle is found to be jammed. 
Describe some method by which it may be extracted. Explain the 
principle on which your method is founded. 

29. Describe and explain an experiment by which you can show that 
it is possible to have boiling water and ice together in the same test 
tube. 

30. A straight line is drawn on a piece of paper ; part of the line is 
covered by a thick piece of plate glass. To an eye in most positions 
the line appears to be broken. How do you explain the fact ? Illus- 
trate your answer by a diagram . 

31. What colour would a red rose appear if green light only fell upon 
k ? Give any explanation you think necessary. 
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C. Chemistry. 

1. Three samples of water are given you, namely, rain-water, sea- 
water, and water from a well sunk in limestone rock. Describe what 
experiments you would make to distinguish the samples. 

Describe, giving a sketch of the apparatus, how you would determine 
the weight of solid matter dissolved in a litre of one of these samples of 
water. 

2. Describe carefully, giving a sketch of the apparatus, how you 
would prepare a flask full of hydrogen, in particular mentioning the 
precautions necessary to ensure that no air is present with the hydrogen. 

Why is it that a balloon filled with hydrogen is able to rise through 
the air ? 

3. Powdered metallic copper is mixed with half its weight of 
sulphur, and some of the mixture is heated in a test tube. Describe 
what experiments you would make to show that before heating the 
copper and sulphur do not form a chemical compound, but that after 
heating they do. 

4. How would you prove that oxygen is contained both in water and 
air? 

5. Does lime dissolve when water is added to it ? What is lime- 
water, and why is it transparent ? Under what circumstances does it 
become milky ? 

6. State some of the properties of (i) Mercury, (2) Blue vitriol or 
Copper sulphate, (3) Carbon dioxide. 

7. What is the composition of iron rust ? 

Describe the experiments you would make to prove the correctness of 
your statement. 

8. Describe carefully how you would prepare a jar of dry nitrogen ? 

9. What is the chemical composition of charcoal ? 

Why is it that if you heat a piece of charcoal red-hot it glows very 
much more brightly when you blow on it ? 

Describe an experiment to prove the accuracy of your answer. 

10. What are the composition and physical characteristics of lime and 
silica ? 

If you were given a mixture of powdered limestone.and siliceous sand 
(/.<?., finely divided silica), how would you proceed to determine the 
weight of limestone contained in one kilogram of the mixture ? 

11. How would you make and collect hydrogen, and how would you 
show that it is lighter than air ? 

12. Describe what happens when a pellet of sodium is thrown into 
a beaker of water. State what becomes of the sodium, and how the 
water is affected by its disappearance. 

13. Two beakers contain respectively powdered quicklime and 
powdered chalk. How is the condition and temperature of each 
altered when equal small quantities of water are poured upon them ? 
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14. What is carbon dioxide ? Mention some of its properties, for 
example, its relative weight, its solubility, any substances with which it 
can combine, and the nature oF the combination. 

15. Describe experiments to show (i) that when oxygen combines 
with hydrogen water is the result, and (2) that when water is 
decomposed oxygen and hydrogen are the products of the decom- 
position. 

16. How is nitrogen distinguished from other gases ? How would 
you prove that nitrogen exists in the atmosphere ? Mention any com- 
pounds into which nitrogen enters. 

17. State some of the chemical and physical properties of quick- 
silver. Why is it used in thermometers and barometers? What 
compounds does it form with other elements ? 

18. A piece of mineral is either quartz or marble ; how would you 
decide which ? What is the effect of heating (i) quartz, (2) marble, to 
a high temperature ? How would you prove your statements ? 

19. Describe, illustrating your answer by a careful drawing, how you 
would prepare hydrogen. 

Describe three experiments to illustrate the properties of this gas. 

20. Describe experiments to show whether water is an element, a 
chemical compound, or a mixture. 

21. Describe ai^ experiment to show that carbon dioxide is produced 
when certain substances burn. 

Give an example of a case where combustion is not accompanied by 
the formation of carbon dioxide. 

22. What is meant by saying that matter is indestructible ? Illustrate 
your answer by describing experiments to show the truth of the state- 
ment with reference (i) to change of state, and (2) to chemical change. 

23. Why do we say that gunpowder is a mechanical mixture, and 
not a chemical compound ? Give some reasons for the statement. 

24. How can you prove that some portion of air disappears when 
iron " rusts" in it? 

25. A cylinder of gas is given you to identify. It is found that 
the gas will neither burn itself nor allow a taper to burn in it ; it has 
neither colour nor smell ; it has no action on litmus. What gases are 
excluded by the results of these several tests ? What gas will the gas 
contained in the cylinder probably be ? 
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Acceleration, 75, 77 ; mea- 
surement of, 78 ; unit of, 78 ; 
represented by lines, 79 

Acid, 309 

Adhesion, 11 

Air, 359 ; composition of, 261 ; 
active part, of, 257 ; com- 
pared with oxygen, 269 ; not 
a chemical compound, 270 

Alkalies, 308^ 

Angle, meaning of, 81 ; mea- 
surement of, 81 ; right, 82 ; 
unit, 82 

Archimedes, Principle of, 65, 
67 

Area, s8 ; measurement of, 25 

Argon, 262 

Balance, principle of, 47 ; 
masses determined by means 
of, 49 ; weight of a oody not 
determined by, 50 

Barometer, 58—60 

Base, 309 

Bottle, relative density, 57 

Buoyancy^ 66 

Burning, m oxygen, 265 — 270 

Camera, pin-hole, 217 ; im- 
ages produced by, 218 

Candle, burning of, 17 

Capacity, 31 

Capacity for heat, 178—183 ; 
of water, 279 ; of different 
substances, i8o — 183 

Carbon dioxide, preparation 
of, 297 ; properties of, 299 ; 
uses of, 299 ; occurrence of, 
300 

Carbon, forms of, 294 ; amor- 
phous, 294 

Centimetre, 23 ; cubic, 35 

Chalk, 296 ; changes when 
heated, 206 

Changes, chemical and physi- 
cal, 3|3 

Circle, 8x 

Cohesion, 8 — 10 

Colour, 248; of transparent 
bodies, 248 *, of opaque bod- 
ies, 349; general consider- 
ations, 240 

Columns, of water, balanc- 
ing, 57 ; of different liquids, 
58 

Compass, Mariner's, 329 



Component, 93 

Compounds, 255 

Conduction, 204 ; good and 
bad, 207 

Convection, 208 ; currents, 
2x0 ; definition of, 210 ; ap- 
plications of heating by. 



Day, apparent solar, 74 ; 
mean solar, 74 

Declination, magnetic, 3x9 

Density, meaning of, 52 ; now 
compared^ 54 ; standard of, 
55 ; definition of, 55 ; rela- 
tive, 55 ; of liquids, 55 ; 
maximum of water, 185 — 
192 ; of water at different 
temperatures, 185 ; Hope's 
experiment on, 187, 190 ; 
changes in d. as water is 
cooled, 188 

Diamond, 294 

Dip, magnetic, 322 ; needle, 
324 ; circle, 325 ; at different 
places, 335 

Dispersion, 242 ; a conse- 
quence of unequal refrac- 
tion, 243 

Displacement, 6t 

Ductility, 4, 6 

Elasticity, in solids, 2—4 

Elements, 353 

Energy, 145—154 ; definition, 
145 ; kinetic, 145 ; potential, 
145 ; forms of, 146 ; heat as 
a form of, 147— 149 ; of 
radiant heat and light, 149 , 
of electrification and elec- 
tricity in motion, 150 ; of 
chemical action, 151 ; trans- 
formation of, 152 ; conser- 
vation of, 153 

Ether, 215 ; waves, 216 

Equator, magnetic, 327 

Equilibrium, 136— 141; stable 
139 ; unstable, 13^ ; neutral, 
1^9 ; examples of; 140 

Eudiometer, 283 

Expansion, of solids, 156 — 
X59 ; of liquids, 157; of 
gases, 157 ; may indicate 
temperature, 162 ; anomal- 
ous e. of water, 186 ; of 
water as it freezes, 191 

337 



Foot-pound, 144 

Forces, 88, 89 ; parallelogram 
of, 91 ; resolution of, 93; 
parallel, 107 — X14 ; princi- 
ple of, ixx ; resultant of, 
1X2 ; conditions for equili- 
brium of, X13 

Friction, 123 ; limitine angle 
of, 124; on inclined plane, 
"S 

Gases, characters of, ix, 12 

Gram, 45 

Graphite, 294 

Gravitation, 4X 

Gravity, centre of, X3X— 14X ; 
experiments on, X3X — 3 ; 
definition of, 134; geome- 
trical determination of, X35 ; 
relation to base of support, 
138 

Hardness, 4, 6 ; temporary 
and permanent, 289 

Heat, effects of, 156 — 171 ; 
flow of, X73 ; capacity for, 
X74, 178—183 ; and tem- 
perature, X75 ; q^uantity of, 
X76 ; unit quantity of x8o ; 
transference of, 204—2x3 

Hydrogen, preparation of, 
277 ; properties of, 278 — 9 

Indestructibility of mat- 
ter, X4 — x8 ; during evapor- 
ation, X4 ; during melting, 
14 ; during solution, 14; 
in chemical change, 15—16 

Illumination,^ due to over- 
lapping of images, 2x9 

Inertia, 87 

Iron J ^03 ; three kinds of, 303 ; 
oxides of, 304 

Kilogram, 45 

Lactometer, 64 

Latent heat, 194 : of water, 
X95 ; of steam, 196—8 

Length, measurement of, 21 

Lever, 99, 102 ; principle of 
work applied to, lox ; classes 
of, 102 ; principle of, 105 : 
first order, 103 ; second 
order, 104; third order, 
105 

2 
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Light, travels in straight lines^ 
216— ai7 : intensity of, 219 ; 
reflection of, 222; regular 
reflection of, 224 

Lime, 295 ; slaking of, 295 

Liquids, 8 ; characters of, 6 — 
II ; flow of, 7, g ; surface 
of, 7 ; in communication, 7, 
9 ; communicate pressure, 
8, xo ; can be separated into 
drops, 8, 10; definition of, 
9 ; density of, 55 

Lodestbne, 313 

Magnet, 3x4 ; the earth as a, 

328 
Magnetism, primary laws of, 

314, 318; terrestrial, 311—339 
Mass, 40 ; is not weight, 40 ; 

measurement of, 43 
Matter, x ; different kinds of, 2 
Measure, square, 29 
Melting pomt, 193 ; of wax, 

192 ; of sulphur, 193 ; of ice. 

Mercury, 305 

Metals and non-metals, 255 

Metre, 22 ; divisions of, 22 

Mirror, formation of image by 
plane, 225 ; rotating, 226 

Mixtures, 255 ; familiar ex- 
amples of, 256 ^ 

Moments, principle of, 99 *, 
definition of, 106 

Momentum, 88 

Motion, 75 ; first law of, 86 ; 
conversion of rectilinear into 
circular, 95 

Nitrogen, preparation of, 
260 ; properties of, 261 

Oxides, formation of, 269 
Oxygen, preparation of, 262 ; 

the active constituent of air, 

263 "properties of, 265, 268 ; 

mixture, 264 ; compared 

with air, 269 

Pendulum, 73 

Phosphorus, burning of, 18 

Plane, 82 ; the inclined, 121— 
127 ; mechanical advantage 
of, 122, 123 ; definition of, 
124 ; friction on, 125 

Points, fixed, 166 ; freezing 
point, 166 ; boiling point, 
167 ; eflect of pressure on 
boiling, 168 



Poles, Magnetic, 312 ; of the 

earth, 327 
Pound, imperial, 44 
Power, X44 ; horse, 144 
Prism, 236; path of light 
through, 236 ; analysis of 
light b^, 243 
Pulley, simple, X17, X19 ; sin- 
gle fixed, 119; use of mov- 
able, X20 ; principle of work 
in, 120 

Radiation, 212, 213 ; reflec- 
tion and refractioh of, 215 — 
239 ; travels in straight 
lines, 2x6^ 

Recomposition, of white light, 
246; by a second prism, 
246 ; by a lens, 246 ; by 
colour-disc, 247 

Reflection, laws of, 222 — 227 ; 
pin method of proving, 222 ; 
illustrated by mirror, 223 ; 
regular, 224 ; laws of regu- 
lar, 225 

Refraction, at plane surfaces, 

228 ; by water, 228 ; pin 
method of proving laws, 

229 ; phenomena caused by, 

230 ; of light, 230 ; rules of, 
231 ; through plate with 
parallel sides, 232 ; various 
effects of, 232 ; through a 
prism, 234 ; by a lens, 235, 
237 ; of other forms of radi- 
ation, 239 ; is accompanied 
by dispersion, 242 

Resultant, 92 
Retardation, 78 ' 

Rigidity, 5 

Rotation, 96 ; the earth's, 73 
Rusting, of iron, 257 



Salt, 309 ; common, 307 ; 
crystals of, 307 ; sodium 
chloride or, 308 

Screw, X27 ; ^ construction of, 
127 ; principle of, 128; me- 
chanical advantage, 129 ; 
pitch of, X28 

Senses, i 

Shadows, 220 ; of a rod, 221 

Silica, c^stalline, 306 ; amor- 
phous, 306 

Solids, definition of, 5 ; cha- 
racters of, 2 — 6 ; elasticity 
in, 2—4 ; determination of 
volume of irregular, 62 ; re- 



lative density of, 68 ; which 
float, 63 ; which sink, 63 

Space, measurement of, 20 

Specific gravity, 55 

Spectroscope, 244 

Spectriitn, 245 

State, change of, 12 ; sudden 
ana gradual change of, 13 

Telescope, 238 

Temperature, indicated by 
expansion, 162 ; of boiling 
water, 165 ; corresponds to 
water-level, 176 

Tenacity, 4, 5 

Thermometer, air, 158 ; 
differential, 158 ; choice of 
things to be used in, 162 ; 
why mercury is used for, 
163 ; con&tructioi) of, 163 ; 
graduation of, 164 — 168 ; 
scales, 169 

Time, units of, 74 ; measure- 
ment of, 74 , 

Umbra, sdt 

Units, conversion of, 24 

Velocity, 76 ; average, 76 ; 
unit of, 76 ; uniform linear, 
76; represented by lines, 
79 ; composition of, 80 ; 
parallelogram of, 80 ; angu- 
lar, 83 

Voltameter, sSa 

Volume, measurement of, 31 ; 
units of, 31 ; of a solid, 32 ; 
definition, 33 ; metric mea- 
sures of, 34 

Water-level, 10 

Water, 274 ; action of heated 
iron on, 274 ; sodium on, 
275 ; chemical examination 
of, 275 ; of crystallisation, 
280 ; is formed when hydro- 
gen burns, 281^ ; analvsis of, 
282 ; composition of by vol- 
ume, 283 ; by mass, 284 ; 
solvent power of, 287; 
hard and soft, 288 ; distilla- 
tion of, 289 ; mineral, 28B 

Weight, of a mass varieSt 43 

Work, x-ja ; principle of, X07 ; 
definition, 143 ; measure- 
ment of, 143 

Yard, 22 
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